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But tsk DOW tlw beuta. and they dull teufa thee ; and the fovb of the 
air, and they ihaU tell thee: 
" Or speak to the earth, and it aballtcaah thee; aadtbeiihceorthaaeatbaO 

deeUre unto thee. 

** Wbokuoweth not iaell these that the baod of the Loku hat : u rought this?" 

Job, xii. 7, 8, 9. 
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ADVERTISEMENT. 



Ths increasing profenional ayocations of my friend <Mr« W. 

White Cooper Iiaving prevented his rendering the kind aid 
which led to the publication of the ** Lectures on tlie inverte- 
biata" ao speedily after their deliyery, a longer delay has oo- 
cuired in the preparation for the press of those on the Ver- 
tebrate Animals than was originally contemplated. Such notes 
of thefle Lectures as ]\Ir. Cooper had leiHure to take lie had 
kindly placed at my difiposal, and tiiey have served to recal . . 
characteristic expressions and ideas which suggested themselves 
in the course of the cnral demonstrations. The desire to verify 
some of the propositions then enunciated, by repeating the ob- 
servations on which they were founded, has led to many new 
dissections and examinations of numerous specimens, and re- 
ference is made to all those that form part of the Hunterian 
Musewn. I have, also, reoonsnlted most of the original 
authorities from which the great bulk of the information im- 
parted in the Lecture-roum had been derived: and a list is 
given of the Works referred to in the text. 

The utility of the present Volume has been further regarded, 

by ingraltiug into the text some remarkable discoveries with 

A 9 
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ADVEBTISBMEMT. 



which the Science of Comparative Anatomy has been enriched 
since 1844, and by adding details which the time aDotted to 
the Hnnterian course compelled me to omit in the theatre: 

but I have been carctul tu preserve the scoj)o and opinions of 
the original Lectures, and, as ^at as |K>ssibie» the very words in 
which they were deliyered. 

The Volume concluding the Course will, I hope, appear in 
the earlier half of the ensuing year. 

LomIoii, 1S4S. 
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HUNTERIAN LECTURES, 

1844* 



INTRODUCTORY LECTURE. 

CUABACTEBS OF THfi GLASSES OF V£BX£BEAT£ ANIUALS* 

Mr* President and Qentlemeo, 

In appearing before you on the present occasion, again honoured bj 
.the Council with the arduous and responsible duties of the Hunterian 
Profes3orsliip, it might be expected that time, and thn repetition of 
their [>erforiuance, would have abated inucli of that anxiety and diffi- 
dence which naturnllv (tpprc-:^ wlxjover undertakes to expound irom 
this place, and betoi. tla?* uuiiKnee. the priucipltj& of Comparative 
Anatomy and Phytiulo-y. Seven successive annual deliveries of the 
Huuterian Lectures iuive, iudeed, in some measure familiaiised mc 
with this department of the expository labours of the ^hu^eum ; 
but they have aUo tended to impress me with tlie necessity for 
increased exertion in order to their successful fulfilment. And 
DOW, more tban on any previous oeoasion, when we have aaaembled 
in the. Theatre oC the College under the aoBpices of a new Charter^ 
honoured, for the second time, by a special mark of the Bojal 
condescension and favour*, it more eepeciaUj hdioyea na, each in 
his respectiYe sphere^ and according to his capacity, to redouble our 
eflforts to maintain, and, if posdhle^ to raise, the high chanuster of 
British Surgery. 

Called by the fruitful principle of the division of labour to the 
duties of the conservation, extension, and exposition of the pre- 
parations which enrich the Museum, impressed by a sense 
of the intimate connection of the present estimation of Surgical 
Science with the labours in Comparative Anatomy of that immortal 
Physiologist by whom tlie ^Museum was founded, — convinced that 
what has before reflected luj^trc on the name of Slrgeon must 
continue to have the same influence, — X have teit it especiaUjr 

* The picMOt Chatter of the Royal Collcgo of Surgcooo was gnatcd Scptcnbcr 

4Ui, 1843. 
VOL. U.. B 
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incumbent on me to labour in the acquisition of that knowledge of 
the science of Animal Organisation, and of its varied and daily 
extending applications, which may enable me so to discharge my 
present duties that the valuable time, which you are not unwilling to 
jsjmic fur aUcudauce on these Lectures, may be not unprotitably 
bestowed. 

And, first, permit me to dwell a little on the inestimable priTllege 
wMdi we eigoy, in entering upon our Professional studies by the 
portal of Anatomy. 

How vast and diveraifled a field of knowledge opens out before ns 
OS we gaxe from that portal I Cbneider what it is that forms the 
sulgect of our essential introductory study; nothing less than the 
organic mechanism of the last and highest created product which has 
been introctiiced into this planet. Contrast this, which both Sage and 
Foot have called the ** nobleBt study of manUnd," with the dry and 
unattractive preliminary exercises of the Lawyer or the Divine. 

Every new term which the Anatomical student has to commit to 
memory is associated with a recognisable object, with some part 
which may be vibrating, contracting, or pulsating, in his own frame. 

First, we enter upon the study of Human Anatomy that ^vo may 
know with what we have to deal as Operative Surgeons ; and, as Pliy- 
nieians, may recognise the seat of diseapo. Then, that we may learn, 
by the structure and connections of the parts of the Human body, 
their office in the vital economy. We next test the phv^^iolnrrica] ideas, 
f»o acquired, by experimtuta on the lower animals, which we are thus 
led to dissect in order to find the amount of resemblance with the 
Human structure which must guide the operation, inllucnce the 
judgment as to the result, and indicate the conditions for new expe« 
riments. 

We cannot advance ftr into the lower region of Anatomy without 
appreciating the same admirable a^ustment of means to ends which 
pervades the Human firame : thus the field of Fhyaiolcgy expands 
before us» and we are enabled to bear a part with a Rat or a 
Falbt in iUustrating the doctrine of final causae and demonstrating 
the « Wisdom of God in the Creation.* 

In extending our Anatomical comparisons, we cannot fiul to be 
struck with the close general resemblance of the etracture of tlie 
lowor animals with that of Man : almost every part of the Human 
frame has its homologue in some inferior animal ; and we at length 
j begin to perceive that IMan's organisation is a special modification 
of a more general type. From analysis, the philosophic mind 
is irresistibly led on to comparison and syntb^tir ronibination 
of tbe multitude of particulars observed. In grasping the abstract idea 
of the general type, we appreciate the precise nature of the cbarac* 
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«erfstle modiflcatiotis of tlie HuniMi firtnie ; and llieii asAj can we lie 
said to kaow properly our own atrnetiure^ atidy from Antfaropo^ 
lonuBti^ to beeome AnatonuBlg in tke true lenae of tlie word* 

Ab such we begin to feel ourselTea in poaeeanon of an ingtromenl 
wMch ein be brought to operate snooeaafuUj In the aolutioii of 
deep and difficult proUons of more general intereit in the common^ 
wealth of knowledge, and which renders us indispenaaUe iwdUariea 
in the advancement of Scicncea which might at first aj^ptfar to have 
but a remote relationship with Anatomy. I need not expatiate on 
the lip-ht which Anatomy l^nd? to the ZooloH'^t, in threading the in- 
tricate ma^e^ of tha natural afHnliios of animals; it is, by universal 
consent, admitted to be the esF< ntial of a sound system of classi- 
fication. I need not dwell on tlie imjioi tance of the Comparative Ana- 
tomy of the minute and low orgiuii^td Invertebrata in establishing 
true theories, and eradicatinf^ fulMc notions, of tho origin of living 
fipecics i of which difl'erent hypotlietieiil eecondaiy cuuse» have been 
from time to time offered for the acceptance or speculation of tho 
blinking pnbHe. 

Bat I woidd allude to the power which the appreciation of the eo- 
'vebtions and interdependendes of the several parts of each organic 
machine gives us to interpret the natore of the whole from the ob- 
MTTatian 'of a part 

Bf this principle its dfisoov6rer» the immortal CimiB^ and hia 
aneceaaon in thia application of Anatomy, have been enabled to re- 
ftore and reconstruct many apecies that have been blolted oat of the 
book of life* By this we determine from fossil bones or fragm^ts^ 
submitted to us by the Geologist, tlie species which are ciiaraie* 
teristic of difierent strata. By physiological deductions we can prove 
that such species, now extinct, have lived and died, generation after 
generation, through the period when those additions were made to 
the earth'i crust which their remains chai-acterise. 

Thus, and thus only, can we obtain a clear idea of the hipse of 
time in which these formations have taken place. The order of 
superposition of strata indicates, indeed, their successive formation, 
but the determination of their organic remaiuii proves that each 
formation was gradual and progressive. 

One of the reaolta of Hda application of Anatomy has been no less 
than tha discovexj of the law of succession of animal life on thia 
planeti or the determination of the rebtive periods at which the dif- 
ferent dasaea were aQcceaaivdj called into being. 

Anoth^ resolt may be expected, and is in.prcgres8^ as a cofoQary 
of the preceding^ vis. the determination of the tnte GhronolO|;^ of 
the Earth. 
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We know tlmt it has pleased God to grant us faculties, bj ihf 
right use of which wo may obtain a trae knowledge of His works s 
and it seems part of His prdTidenee to permit certain parcels of 
knowledge to be thus introduced from time to time, to the <lissipation 

of tlie erroneous notions which previously prevailed. By the exer- 
cise of these faculties, the true shape of our Spheroid was determined, 

and, after some opposition*, acc('j)tc'(l : next, its true relation to the 

sun, as respects it- motion. It ha-^ been reserved for the present 
generation to nc(]uii*e more just ideas of the age of the world, and 
Anatomy has been, and must be, the chief and nio«t essentisU means 
of establishing: this iujportant element in the earth's history. 

liut Anatomy aids not only the Geologist, but the Geo<!;rapher : by 
comparing the local distribution cf restored extinct species from 
coeval geological »Jtrata over all tlu^ earth, with the <reographical dis- 
tribution of existing animals, we oblum an insight into the ])ast con- 
ditions of continents and islands; we determine that our own island, 
for example, once formed part of the continent, and obtain data for 
tracing out much greater mutatioiia and altenia^ona of land and 
sea.f 

Thus, upon Anatomy depends the safe and successful practice of 
Medicine tad Surgeiy; the knowledge of the nses of parts, and of 
their essential nature in Man, Tiewed as modiflcati<His of a g^eral 
type. Anatomy is the basis of right daasiflcation and philoiopbical 
Zoology : it unfolds the law of the introduction of animal life on this 
planet ; it is essential to the right prepress of Geology, and giyea 
an insight into the true chronology and ancient geography of the 
globe. 

Almost every day brings some new proof of the importance of the 
knowledge of Animal Organisation, which bids fair to take rank ns the 
first of all sciences ; and it is to Anatomy, that we have the high 
privilege to be introduced at the very outset of our professional 
studies. 

More might be said, and better, in praise of our peculiar science; 
but when I reflect on that department w Inch I propone to treat of 
in the present Lectures, viz. the Couiinu ativc Aiuitomy of the Ver- 
tebrate Classes of Animals, its great extent, and the diversity of 
details which it embraces, I feel it incumbent to enter, without fur- 
ther preface, upon the proper subject of this CoursOi 

* 9«e Lactintint, FtuHt. lib. iii. e. 24, against the Mitb*a rotundity : ond Au^Uk. 
line, De Civit. Dri lib. «vi. c. 9. agniiist Antipodes. 

f Report of UrititJ) Astociaiion for the Advancement of Scicace, 1844; and 
o^Hictory of Btikmh Focdl Mammali*,'* 8vow 1845, pp. ixyil. slvi. 
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In tho niinicrons classes of animals which constitutrd that interior, 
more exlensix r, ami diversified ^roup, linked together by the sin<rle 
ncL'ative cliaractcr of the absence of a vertebral column, and tJience 
tt riiu d " Invcrtebrata," we saw that, as the gevt'T al ^^crics became ele- 
vated ill the Hcale of organisation, they div('rg« (l tr(;m one anotlier by 
reason of the {)reponderating development of ^ome particular cla.ss of 
organs, and culminated in si»eeies, inferior either in their general form, 
or their powers of motion and perception, to some of the antecedent 
forniBi tKrough which tlie series liad passed.* The spider and the crab 
are not the kinds of animals in wliieh one should bare anticipated 
that the type of organisation, so richly Taried in the Insect class, would 
have ended, had that class heen a step in the direct progress to the 
vertebrate series. The loss of wings, and the abrogation of the power 
of flight, would indicate a retrograde course of development. In die in* 
aeet, the animal organs* miure particularl j those of loocnnotion, pr^ion- 
detate over the vegetative or plastie organs, and in the attempt, as it 
were, to restore the balance^ by establishing, as in the Crustacea and 
jArachnida, a better defined system of circulation, and a more vigorous 
and concentrated hearty the general plan of the articulate structure 
ai^iears not to b<- such as to bear this a^ustment without a sacrifice 
of some of the faculties enjoyed by Insects. So likewise the route of 
organisation traceable through the molluscous type seems, on the 
other hand, to lead to an extreme subordination of the motive and 
sensitive to the vegetative systems. And in those sjx'cies which make 
the nearest approach to the Vertebrata, we find tht- viscera of organic 
life occupying so large a proportion of the body, that no room is left 
for the development of n( rvou> or muscular organs, except by what 
seems an undu(? expansion and overloading of tho head, as, for ex- 
ample, in the Cephalopoda. In fact, the nervous system, the essence 
and prime distinction of the animal, had not, so to speak, any proper 
or defined abode in the bodies of the invertebrated animals. Jts 
centres were sometimes dispersed irnigulurly through the general 
cavity of the body, sometimes aggregated around the gullet, some- 
times arranged with more symmetry along the abdomen ; yet seldom 
better cared for or protected than the neighbouring viscera. 

The grand modification, by, which a higher type of organisation is 
established, and one which becomes finally equal to all the contin* 
gendes* powers, and offices of animated beings, in relation to this 
planet, is the allocation of the mysterious albuminous electric pulp in 
a special cylindrical cavity, of which the firm walls rest upon a basal 

* llunterian Ltictiircs, i nwrtobrala, tivo. Wili, 
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axis, forming the centre of support to the whole frame, and from 
which all the motive powers radiate, and this axial cylinder (^fig. 1. t?) 
is called the "Vertebral Column;" verfehral, as consisting of seg- 
ments of the skeleton, which turn one upon the other, and as being 
the centre on which the whole bodjr can bend and rotate} ixom the 
Latin verto, vertere,' to turn. 




Ideal tection of a Vertebrate (Mammalian) animal. 



The vertebrated animals have the nervous matter concentrated in 
this vertebral case, which expands at certain parts, where the 
largest currents of sensation enter, and those of volition go out ; and 
more especially at the anterior or upper extremity, where the impres- 
sions to be appreciated by the nervous centre are the most varied 
and the most distinct. The expanded mass of nervous matter, at this 
part, is called the brain {fig. 1. A), thereat of the nervous axis, the 
gfrnal chard, (chf ch) ; whence the highest primary group of animals 
la caUfld Kyeteneephala,'* from tbe Qrwk worda signifying brain 
and spinal marroir. The prolongations and ramifications from these 
oentreSy forming the intemuntiate channels of sensation and the win, 
are tiie nerwf; 

'There are fire spedal modifleations of sensation in tlie Tcrtebrated 
animalSi three of which have special nerves* vis. smeD (pi), alght (€p\ 
and hearing (on). Taste {t) appears to be less generallj eigojed 
by the Vertebrata, and its nerve Is a large branch of an ordinary 
nervc^ the fifth pair. Feeling, wliich, In its more exquisite d^gree^ 
constitutes touch, seems a common property of all those nervous fila* 
mentfl^ which, passing into the posterior columns of the central axii^ 
are continued to the brain. Speaking generally, such are the attri* 
butes of the recipient or sensitive portion of tlie nervous axis in the 

* 

Vertebrated animals. They can take cognisance of all the impressing 
powers w liich surround them ; as the character and resistance of the 
surface wliioh supports them, tlic flavour and fitness of the substances 
which nourish them, the purity of the atmosphere which they breathe^ 
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the delicate vibrations of that ntMi K^ph. rc wliich follow the muluul 
contact or percussion ot sonorous lnj lirs, aiid the finer vibrations of 
a more subtle «ther, the appreciation ot which produces the sense, 
of siprht. 

iih these means of perceiving, knowing, and investigating the 
world around them, the Vertebrated animals po«ae«i a proportionate 
power of acting upon and subdoiog It. Not any species is fixed to 
the earth; all can more^ and everj variety and power of animal 
looomotioa is manifested in the vertebrated sob-kingdom* Tet some 
permanently retain the worm-like flgnre^ which all primarily manifest 
in conmion with the embryos of the artieolate series ; but always 
with the grand difference of the dorsal nervons column. Such 
vennifwrn species glide by midulatory inflections of the entire 
body through the waters, or on the surface of the ground. But in 
most Vertcbrata special instruments of locomotion are developed ; 
some single from the median line» some in pairs ; the latter never ex- 
ceed four in number, two before or above, called arms, or peet(»ral 
extremities (i^, and two below or behind, call'^'l or pelvic extre- 
mities ( I') : thus, the vertcbrotrd type is essentiully tetrapo<1al.* The 
solifl mechiinical supporting and resisting axis, framework, or lever- 
age {sk) of tliesc members is internal, vascular, and commonly ossi- 
fied. It is covered, and, as it were, ciotlicd by the muscles (/«;, wliich 
are attached to its outer surface. The clementaiy contractile fibre of 
the voluntary muscular system is transversely striated. 

The internal position of the skeleton seems to be the chief con- 
dition of the attainment, by certain Vertebrata, of a bulk fsr snrpass- 
jug that of the largest of the Invertebrata : and the division of the 
skeleton into numerous pieces diversely articulated, gi> es great variety 
and precision to the movements of the Vertebrate animals. 

The forms and proportions of the Vertebrata are as varied as their 
kinds of locomotimv <UKd the elements in which these are exercised, 
With very few exceptions the body is kterally symmetrical, the right 
and left sides corresponding. We may likewise discern a general 
characteristic of the Vertebrata in the tendency to a symmetrical 
development^ or a repetition of parts in the vertical direction ; 
that is, in Uie dorsal and ventral regions. Each vertebral segment 
of the internal skeleton, for example, forms typically a dorsal and a 
ventral arch ; the one protecting the nervous axis, the other the vas- 
cuhr trunks and organs of plastic life. The nervous trunk itself 

* • Ttif homol(^ues of Ibeae special instrumtiits of loconittlioB may nhk is 
greater ntmibcia, more or l«>ss developed and modified, in stihscrvlency to uthcr 
functions; m, for example, the opercuJar and branch iostegal floM of fi»be«, the 
simple appendages of the ribs in fishes and in birds. The anm«na l«p cowimeilOS 
ia I«pido«iren, for example, M nnpleiinbcaoebed aiamcnlary •ppcodageidiveiyii^ 
horn laferior tcrtelfnl anfaee^ 

B 4 
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CODBists of dorsal nnd ventral columns* Whilst the Invertcbrata 
manifest a general tendency to development in breadth, the Ver- 
tebrata rather gain in height by tliis doubling: or n'j)etiti()n of 
parts in t!ie vertical or dorso-ventrul direction : and in tiiis we may 
discern the tendency to rise above the surlaee of the earth, until in 
man the entire body is uplifted ; and \vliat is f/flow and above in all 
other Vertebrata, in him becomes be/ore and hthind. 

The general external integument in the Vertebrata is rarely bur- 
thcned and cl(^ged by large and massive calcareous plates, but is 
usually defended by light, and aouietiraes exquisitely organised and 
singularly complex deviclopments of the epidennid oorering ; modified 
according to the apherea of eadstence^ the habitnal temperature and 
moT«nent8» and therefore eminentlj characteriatic d the difierent 
claaaes oi Vertehrated animala. 

The actions of the unuauallj developed nerrous diement» —whether 
the vibrating filament conveys to the sentient centre impressions 
from withoat» or, obedient to the inward intelltgenoe, imparts from 
within the stimulus of volition to the moving fibr^ — are essentially 
productive of diange. It Is most probable that the same nervous 
fibre is not equally fit for two successive actions ; but needs, after 
each, a certain amount of restoration. The same may be predicated 
of the action of the muscular fibre ; viz., that some change, no matter 
how small, but to that extent unfitting it for the due repetition of 
the act, i^t the eonscquenee of its* stimulated contraction : anii thus 
the coiuiiiucd existeticc of the liviiig animal requires the presence of 
organs of renewal and repair in intimate, but barmonious combination, 
with tliose of sensation and motion. 

The raw liiai ri ll of this restoration is derived fium without: the 
alimentary cariul, in which the convertiion and auiinalisation ui' the 
food take place, is provided, in the Vertcbraia, with two aju'itures, 
an entry or mouth (o*), and an excremental outlet {as). The juws 
(J) are two in number, and placed one below or behind the other, 
working vertically or in the axis of trunk ; the principal part of 
the alimentary canal is contained in an abdominal cavity, and is sup- 
ported by a reflection of the serous membrane upon the walls of that 
cavity; and the canal is divided into oesophagus (oe), stomach (</}, 
and intestine (i). All Vertebrata have a liver (J) which is usually 
a very complicated gland, with a special venous or portal system of 
vessels; and the biliary secretion is conveyed into the commence- 
ment of the intestine. The pancreas (p), which in most Vertebrata 
presents the form of a compact and conglomerate gland, adds its se- 
cretion to the bile in the duodenum. The spleen (s), a cellulo- 
* vascular ganglion, or gland without a duct, unikes its first appcai anc o 
ooincidently with that of the portal vein, and manifests a progressive 
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development closelj corresponding with that of the pancreas. Lac- 
teal vesseU convey the nutrient fluid to the Tcins, and thus it reaches 

the heart. 

The centnvl or'j'iii of circulation, nlway?; present, and of a ooini)act 
muscular character, always below or anterior in position to the ali- 
mentary tube and nervous axis, is situated towards the fore-part of 
the bo«ly, most coinnianly in a c(»nipaitni»Mit distinct from the abdo- 
mcn, wlici»e it is suspended in a special bag or pericardium {^g- 1. 
A). The blood is red in ail the Vertebrated animals, and the colouring 
matter is contained in microscopic discoid cells, of an oval or circular 
form (y%r. 4.). The whole or part of the circulating fluid is trans- 
mitted directly from the heart to the respiratory organ {^g. 1. Ig), 
The respiratory medium, whether air or water, is admitted to the 
respiratory organ by tlie mouth. From this organ the arterial blood 
is sent, sometimes directly, sometimes after a second return to the 
heart, or in hoth to the rest of the systm ; but the breathing 
organs are never deyeloped, as we saw in many of the Invertebrata, 
from the returning Tenons channels. 

The Tenons blood in the lower Vertebrata is submitted to the 
depurating influence of the kidneys; but in the higher Vertebrata 
these de-azotising glands (k) ni- .^u]>plled exclusively by arteries. 
A part of the vimous blood in ail Vertebrata circulates through the 
liver, as through a second and subordinate lung, before it finally 
Teaches the heart 

The system for perpetuating the species is not complete in any 
Vcrtebratcil animni ; that i,% the generative organs are divided be- 
tween two individual, there being no natural Hermaphrodite in tliis 
sub-kingdom. ery Vertebrate embryo soon takes* on ita special 
and determinate ciexual rhnrncter, and ends a perfect male or per- 
fect female — a fertill.-icr or a jn-dducer. 

The instinctive f?cu.se of dependence upon nnolliei", manifested by the 
impulse to seek out n mate, — wliich impulse, even in lishes, issfime- 
times so irresistible that they throw themselves on shore in the pur- 
buit,— this first step in the supcrccasion of the lower and more general 
law of individual or self presarvation, although not first introduced 
*at the Vertebrate stage of the animal series, is never departed from 
after that stage has been gained. To this sexual relation is next 
added a self-sacrificing impulse of a higher kind, vis. the parental 
instinct As we rise In the survey of Vertebrate phenomena, we see 
the entire devotion of self to offspring In the patient incubation of 
the bird, in the unwearied exertions of the Swift or the Hawk to 
•obtain food for their callow brood when hatched; in the bold de- 
monstration which the Hen, at other times so timid, wilt make to 
repel threatened attacks against her cowering young. 
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Siill closer becomes the link between tlic prirent and cOVju ing In 
tlie Miuomalian class, bj tho substitution, lui tlie exclusion of a pas- 
sive irresponsive ovum, of the )>i[ tli of a living young, making 
instinctive irresiistible appeal, as soon m born, to muterual sympathy ; 
deriving nutriment immediately from the parent's bodj, and both 
living and reoeiving pleasure hy that act. 

Those beantifiil forasliadowiiiga of higher atlributei wn, hsfwww, 
taaukUney in the binte oreetioii, and the nibtione cesae^ aa aeon aa 
the young qaadruped can provide for itself. Preeemtion of off- 
spring has been soperindnoed on self-preserTationy hot theie la aa 
jet no self-improTement: this is the peculiar attribate of mankind. 
The hmnan species is characterised by the prolonged dependence of 
a slowly maturing offifpring on parental cares and afleetions^ in which 
are laid the foundations of the social system, and time given for in« 
Stilling those principles on which Man's best wisdom and truest hap« 
piness are based, and by which he is prepared for another and a 
higher sphere of existence. Jn this destination alone may we dis- 
cern an adequate end and purpose in the great organic scheme deve* 
loped upon our planet. 

In ascending to Man, we trace a very extensive and varied, but 
progressive course of development, through the great Ycrtebrated 
berio-s which commences at a very low point. 

It might, perhaps, be imagined that the lowest "Wrtebrated form 
began where the highest Invertebrated form ended, and niade a direct 
step in atlvance in the scale of Animal Organisation. Such, indeed, 
ought necessarily to follow on the liypothesis of the development of 
species by progressive transmutation, and of the arrangement of 
animal life in a single and uninterrupted chain of being. 

But truer views of the nature and dlreetion of Zoological affinities 
and a deeper Insight into the laws of Development and of Unity of 
Ofganisation in the Animal Kingdom, concur to disprove those once 
favourite and recently*revived hypotheses. We have seen that the 
InTcrtebrata resemble each other only at the earliest and most tren- 
sitory periods of their devela^enti diverging thence^ in speeial 
directions, to the manifestation of very distinct types of animal strne^ 
tore. So likewise we must look to the very beginning of the de- 
velopment of the Yertebrate animal before we shall discover that 
amount of concordance which will justify us in predicating "Unity 
of Organisation" between it and any of the Invertebrated forms. 
And when, with infinite care and minutest scrutiny, availing our- 
selves of all the aids and appliances of optical art, we have arrived 
at clonr and satisfactory demonstration of the greatest amount of re- 
semblance, in constitution and properties, between the Yertebrale 
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^mhtfo and the Inverlelmte adiilt»-— it if not with anj of the higher 
finns of ]iivertebf«t% — with neither the Cephalopod» the Arachni* 
den, nor the Liiect» — that each ofgaaie oorretpondenee is found to 
exiet; bat it is with the lowest fonns end simplest heginninge of 
•nimal life^— with the infhsorial mone d si Onlj, in ieet» during timt 
period of the oTum-life of the Yertehiated being, in which the mys* 
terioos properties of the impregnated gem-vesiole are difitased and 
distributed bj fissiperous multiplieation amongst countless nucleated 
cells— the progeny of the primary germinal vesieie and coheirs of 




Oraof the lUbbK, 1 four mrtr tor<lD>« i B l (Bwriy). 

the seminal virtue — do we find such a form and such properties of 
the YerCebrated animal as justify us in affirming that there is " Unity 
of Oiganiaation" between it and an Inyertebrate animaL (Compare 
2. with cut 14., p. 24., Leetores on Invertehrata.} 
The next stq» in the doYelopment of the ovmn — and it is so speedy 
n one^ that those whieh precede it long eseaped oboerTation«— im« 
presses npon the nasoent being its Yertebrated type. Certain nu- 
cleated cells lose their individually and powers of propagation} thcKj 
eoalesee and fill the fine tubes so formed with albumen, as the final 
aet of their assimilative power, and thus become converted into 
nervous tissue^ in the form of a double chord {^g. 3. ch), which, from 

its first beginning marks the dorsal aspect of the 
rTnl)ryomc trace: other nucleated cells lay the 
^ f oundation of the vertebral column ( v) around the 
spinal cliord ; others again change into the softer 
tissues, and the rest, circulating with the nutrient 
NXWjllf,..'---^ fluid, as blood discs, through cliannels which 
Vll£ii^^ sketch out the sanguiferous system, maintain life, 

and furnish materials by their jx)wers of assimi- 
^^'^^n^^^ lation and spontaneous Usaiou to the growing 
body. * 

AU vertebratcd animals, during a greater or less extent of these 
developmental processes, float in a liquid of similar specific gravity 
to themselves. A vast proportion, constituting the lowest and ibn- 

• TTic blood [damo, TTebrJ] is the life." — Dent. sii. '2",. " a'^a . . . tv Totrr^ 
yao tcTi q t^fyxi}'" — Joaepbiu, Antiq. 1. S. 8. £inpe<iocles," says Plutarch, "con- 
Mm the MNil to be the blood pouivd into the heart.** Hmner (Odyssey, zi. 96. 
97. 147.) vnys, " The shades thirst after blood, for by its influence they escape finm 
Erebus, and regatD speech." See also Sprengel, " Beitrage sur Geschichte der 
Mediriii,** L S. for Che bdicTby the aacienU io Che viCelitj of the blood. 
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damental group of Yerteibiatod animala^ ve nerer destined to quit the 
watety mediam ; these constitttte the elass of Fishes. A few speciee 
retain the primitive Termiform type, and have no distinct locomotive 
members; and these members, in the rest of the Piscine class, are 
smalt and simple, rarely adapted for any other Ainction than the pro* 
palsion or guidance of the body throagh the water. The form of tlie 
body is, for the most part, such as mechanical principles teach to be 
best adapted for moving with least resistance through a liquid 
medium. The surface of the body is either smooth and lubricous^ 
or is covered by closely imbricated scalen, rarely defended by bony 
plates or roughened by hard tubercles ; still more rarely armed with 
spines. 

The central jixis oC tlic nervous system presents but one partial 
cnlarsreracnt, ami tlmt of comparatively small size, at its anterior ex- 
tremity, forming the brain, which consists of a succession of simple 
ganglionic masses 46.), most of them exclusively aj)iin)}triatcd 
to the function of ii nerve of sj)ecij\l sense. The power of tuucli can 
be but feebly developed in lislies. The organ of taste is a very in- 
conspicuous one, the chief function of the framework supporting it, 
or the hyoidean apparatus, relating to the mechanism of swallowing 
and breathing. 

Of the organ of hearing there is no outward sign ; but the essential 
part, the acoustic labyrinth, is present, and the semicircular canals 
laigely developed within. The labyrinth is without cochlea, and is 
rarely provided with a special chamber, but is lodged, in common 
with the brain, in the cranial cavity. The eyes are osnally large, 
but are seldom defended by eyelids, and never served by a laduymal 
organ. The alimentary canal is commonly short and simple, with its 
divisions not always clearly mai*ked, the .short and wide gnllet being 
hardly distinguishable from the stomach. The pancreas, for the most 
part, retains its primitive condition of separate ciccal appendices to 
t!ie duodennrn. The heart consist? essentially of one auricle and one 
ventricle, receiving the venons blood, and iiropelling it to the gills j 
whence the eircnlation is continued over the entire body in vessels 
only, which ore aided by the contraction of the surrounding muscular 
.fibres. 

The blood of hisheis is cold ; its temjieratiire beiii'j rarely elevated 
above that of the snrrounding niedimn. The coloured discs are 
sometimes snl)eiren]ar ( //V/. 4. f/\ sometimes subelliptical (//) or ellip- 
tic : comparatively large, but nut the largest amongt<t vertebrate 
animals. 

The primordial elongated renal glands are persistent, and secrete 
the urine from venous blood. 
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Piroereation is rarely Bltended with a coitus or intromission, the 
requisite acc^sory organs being wanting in the majority of the class t 
and the product Htill more rarely reoeiTeSy after excluaio% any pa- 
rental attention or care* 




Blood wlbet, mA nagMtti aoo dlaaclan ItaMr. «, Man : 6, Hu^k-decr t e, Ooat»t ^ CNoedlto i 

«t Fng 1 /, Wna i f , Cod*lltb « A, SktXm. 

In many respects Fishes tyfrffy the emhryonic ataget of derelop- 
«nent of the higher animals : they were the first treated Hyelenoe- 
phala ; and, throngh a series of vast geological periods^ as the Silorian, 

Devonian, and, perhap^^, the Carboniferous, the sole repvesentativea 
of the Vertebratcd sub-kingdom in this planet. 

The second class of Vertebrated animals, called BeptUia, by no 
means presents so uniform a type as that of Fi.><hes, Hoptiles have 
more vari'^d spheres of action. Sr)Tnp rftsiin tlin form nn<l breathe 
the element of fishp", living and niovinjr in wnt* r during tiie wliolc or 
a part of thrir exihtt iue. The transition, indeed, from Fi-ln s to 
theee lovv»»st Amphibian or Batrachinn forms is so close and gra- 
dual, that whilst some true Keptilea* have passe'l for Fifehe.**, the 
higher Fisliesf have been classed with Auij>litbia, ami even at the 
.present day, a true Fish — the Protopterus or Lej)ido8iren — hiis been 
described, and by some naturalists is still regarded, as a Reptile. 
Bat no Reptile has dorsal parapophyses or the scapular arch articu- 
lated to the occiput, and every Reptile has two auricles to the hearty 
and the nasal canal oommunicating with the mouth. The Tortoises 
{OUhnia) and Lisards (Sauria) hare looomotive members adapted 
for progressioD on dry land ; but they can only raise the body a little 
way, if at all, abore the ground, and creep rather than walk : the 
Serpents {(^idia) hare no visible members, but move by the 
' reaction of the entire trunk upon the ground, and so drag their 
belly through the dust of the earth : whence the name **E€ptilid^ 
. {repo, to creepX given to this class of Vertebrate animals. 

* Lattib of Rana FaradoJca, called Frog-fisb. 

t SbukM and Ila js, called " Ainpbibb twain ** hj LfauuMM. ' 
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Reptiles are cold-blooded, like Fishes; but all of tliem possess 
lungs, or orgrans for breathing atmospheric air. Most of the class 
exercise the function of t])p?e orprans ; but some, retaining gills, 
chiefly breathe water ; i\nd those with lungs alone are less dependent 
on respiration than the lujrher Vertehrata. Hence the Reptiles were 
defiriod by Linnaeus as "arbitrary breathers," — ** Ihtlmones ttpiranles 
arbilraric,'' — and were called by him Am]}/uhia.** TIic blood is 
remarkable for the larj^e relative size and constant elliptical form of 
its red particles (Jiff. 4. dy c), which, as in Fishes, have a distinct 
granular nucleus. And, what is more remarkable, the sbe increases 
in tiw ratio of tho penistenoe of the branchial organa. Too wutj^ for 
example^ diaoam the hkod-disca with the naked eye in the ^rm 
ttteertbta (Jiff, 4./). The typical condition of the heart in Beptilea 
30 three-chambered ; having two auriclea and one Tentride ; one 
Auricle receives the Tenons blood from the general system, the other 
that which has nndergone chemical change in the lungs : both kinda 
of blood are mixed in the Tcnlxicle^ and distributed in that states 
partly to the lungs again, partly to the general system. The breath- 
ing apparatus is so far inferior to that of fishes, as that the whole 
mass of dronlating fluid is not distributed through it $ but this appa- 
rently retrograde step in development seems as if preparatory to the 
e<«t!\bli3hmcnt of a more perfect respiratory system, adapted to the 
cxii^encies of higher cln<??*oR of animnli. Always, however, in using 
or liearinj; this nu taphorical lanfiu;ii:i\ it is to be borne in mind, that 
eacli condition, which represents u step in progress as regards the 
scries of species, is complete and perfect in relation to the particulai 
species in wiiieh it is manifested. 

The nervous system of Reptiles presents on advance in the 
larger proportional size of the cerebral lobes ; but the whole brain 
is still a mere linear series of smooth ganglionic masses, and 
the oerebeUum is often inferior, In sise and complezily, to that in 
Fishes. 

The eyes axe smaller than in FUhes, but generally more perfect 
and defended by eyelids : the ears are pnwided with a Tibratory 
membrane and diamber, called the "tympanum:" but the most 
charaetsristic featore of Beptiles in contrast with Fishes* which 
the organs of the senses present, is the establishment of a communi- 
cation from the eye, the car, and the nose respectively, with the 
respiratory tract or mouth ; the eye by the lachrymal duct, the ear 
by the Eustachian tube, nnd the nose by its prolongation into 
a meatus, with a posterior opening into the mouth, or fauces. 
This latter character the Siren manifests, but not the Lepidosiren, 
nor any true Fi»h. The sense of touch must be enjoyed by the naked 
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Batnehians and the thin-Bkinned Lizards in a d^ree rnuoh mpenor 
to any of the scaly class of Fishes : but the intc^timent in many cf 
the Reptilia is covered or Btudded with horny or bony scutes. 

The generation of Reptiles has certain an ilogies with that of Fi.-^hes. 
It is still etfectcd in some species, as the Frogs and Toads, without 
intromission, and in the same species we perceive a simultaneoua 
development of very numerous ovaj but the Batrarhia form the 
exception instead of the rule. The intromittent organ which exists 
in the great majority of the class is also duuble in most of these, uj^ ia 
Serpents and many Lizards. There are ia the lieptHia both vivipai-ous 
and oviparous species ; but the fcetus in the former has no attach- 
ment to tiie wmnli^ and the eggs in the latter are hatched by ex* 
traneoua wannlili : tlie youug, after ezduioi^ no^TO no parental 
care er toition in any species of the class. 

In inYesligating the Tarloaa strata of the Eartb, whicb form, as it 
ware^ the graTe-jards of as many suooessive generatioiis of ^edes 
and dasses, we meet with the earliest remains of aii^hreatiu^g 
Vertebrate animals in the triassie or Permian setieSi siihseqnent to 
the deposition of the ooal% and we consequently infer that the date of 
their existence, in this planet^ is much later than that of Fishes. 
But the Reptilian class seems soon to have acquired n vast extension, 
and to have flourished under a Tariety of forms, devel<q[>ed also to 
an enormons bulk, with powers for the acquisition and assimilation 
of both animal and ven;etable substances, of which the present state 
of the class can alford no adequate irlcn. The deposition of the 
chnlk -formation seems to have been tlie diite of the decline of the 
Jtepttl'm, when they gave way to as v;u itd and colossal forms of 
animals of a higher type of organisation. Amongst the numerous 
species, genera, and even orders of t!ic Reptilia^ which at that period 
became extinct, was one in which the anterior members ol the 
animal were developed into wings : these veritable " Flying -Dragons,'* 
the " Pterodactyles,** as they are termed, seem to have perislied when 
true winged Birds made their appearance. 

Hie present is scarcely n suitable occadeii for spoeolating, even if 
time permitted, on the probable changes in the atmosphere of our 
planet which accompanied those imdoobted reyoluticns in its cmst» 
hj the investigatton of which we obtain the OTidenoe of this soe- 
eesnTO tntrodncticn of oiganie fimns; otherwise we mightdiscosa 
the reasonablenees of the surmise that the atmosphere was unfit to be 
braathed by lungs dming that vast lapse of time when fishes reigned 
supreme upon earth; or we might enquire if the atmosphere of the 

* Tkm Iwi epBcluiif ■ TUfenw of lbot"pripli would fwry hseh ^ d*t»of the Stl^ 
iiiudnidClirii«lMaio«htoodlbiaiirtioB.-^Xfi^ 
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later 8eeoiid«i7 pericds was so dank and dense, and overloaded witit 

irrespirable elements, aa to need the precipitation of so much carbon 
as has been consolidated in onr coal-fields and chalk-hills, before it 
was fitted for the full development and vital enjojme&t of the warm- 
blooded and quick-breathing classes? But these and other consi- 
derations suggested by tlie successive introduction of water-breathing 
and slow air-breathing Vfitebratea, would leatl us too far nwny from 
the proper .-subject of the prest'nt cU'incntiiry discourse. Sulhr^ it to 
siiy, th;it the oviparous class of animals wliich next makei> it:4 ap- 
pcurauce in tlu' order of Creation, is remarkably characterised by the 
enerpry of the circulating and rospiratorj 1 unctions, aud by the high 
temperature of the body. I allude to the clasi* Aveg^ characterised 
as accurately, as briefly, by the name of *• feathered bipeds :'" bipeds, 
because the anterior members arc exclusively organised for flight ; 
feathered, because the body which is to soar in air must be lightly 
clad, and yet warmly clad, — must be covered by most effident noo- 
conduetorsy bo as to retain that elevated temperature which is the 
necessary consequence of the organic combustion of so much mus- 
cular and nervous fibre in the energetic actions of flight. But Birds 
eivjojr almost eveiy kind of locomotion : a few (Apteijrx) burrow in 
the earth : some (Ostrich, Rhea) travorse its surface as swiftly as the 
most rapid courser : many dimb trees : an entire Order is aquatii^ 
swimming or diving with facility* The legs and feet of Birds are 
accordingly variously modified for these diflferent powers, and furnish 
the Naturalist with excellent characters for the primary divisions of 
the ehus. The lungs arc now divided into very minute cells, pro- 
dudng a vast extent of the vascular respiratory membrane ; they also 
communicate with larger cells, forming capacious reservoirs of air, 
which are continue<l thr«>ii'-'h every part of the body, even into the 
substaTK'e and cavities ol the b(m«'-j. The heart is divided into four 
chambers, two muscular ventricles and two auricles; a single artery 
arises from each vcutriele, and a complete double circulation is es- 
taltlished, — ilie left auricle and ventricb? circulating the arterial blood, 
the ri^lit auricle and ventricle the venous, transmitting to the lungs 
the entire mass of the carbonised blood. The blood is of a deep but 
bright vermilion red, and richly laden with the discoid cells, which 
are elliptical^ but smaller than in the BepiUia {Jig, 4. c). 

The jaws of Birds are always edentulous and sheathed with horn, 
of divers configurations, adapted to their different modes of life and 
kinds of food. The head is small, and supported upon a long neck ; 
the mandibles performing most of those purposes for which the 
anterior members, by thdr conversion into wings, are unfitted; so 
that the beak combines the functions of band and mouth. The 
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gulled being co-eztennTC with the neck, is of great length; the 
stomach la always diyided into two eavities, the first glandular, the 
second muscular; and the distinction between small and large in- 
testines is usually marked bj the presence of two enca. The in- 
testine terminates^ as in the Beptiles, in a common doaca. 

The oeiebrai hemispheres have acquired a large proportional nse in 
Birds as compared with BeptOes, and the cerebellum is complicated by 
many transverse folds : but Birds are peculiarly distinguished by the 
inferior and >teral position of the optic lobes; and the whole brain 
presents a more compact form and larger size, in proportion to the 
spinal cord and neryes, than in Reptiles. The partial enlargem^ts of 
the spinal manow, emresponding to the brachial and lumbar nervous 
plexuses, are more marked than in Reptiles, and the lumbar en- 
largement is difstingnislied bv a ventricle. The 55ensc of sight is 
peculiarly k* cti and prrfect in the class of Birds, and the eye has 
some structures whicii arc not found in otlier Vertebrata. The 
organisation of the ear has likewi^ advanced, a cochlea, though of 
.Hiiiipic iorni, bein^ added to the semicircular canals. A circle of 
feathers radiates from the outer aperture of the ear, forming a con- 
cave disc or conch, to catch and concentrate the vibrations of sound ; 
and such an advance is in hai mony with ilu \ ;u ietl power of ex- 
pressing the feelings and the passions witli which Birds arc gifted. 
We may still, indeed, hear in the aquatic members of the claas tlie 
hiss of the serpent or the croak of the frog ; but as Birds rise iu the 
scale their Toeal powers rapidly develope: the cock "with shrill 
clarion sounds the eiloit hours," and the nightingale, busting fbrth 
in song, fills all the grove with her varied melody. With regard to 
the sense of smell we estimate its improvement by obaerving the 
more extoisive and cmnplex turbinated cartilages in the present 
Class. But taste must still be dull ; there is no true gustatory nerve^ 
and the tongue is commonly sheathed with hem. The beak is in 
some birds modified to communicate a delicate faculty of toudi, but 
elsewhere ibis sense is veiy limited, the general surfiice of the body 
being defended by the denee^ imbricated, iniendble plumage. 

All birds are oviparous : only the^uatic birds enjoy intromission. 
The female constructs a nest and incubates her ^ggs^ and, after ex* 
dusioo, cherish^, feeds, and educates her youn^. 

The class Mammalia, which crowns the vertebrated series and the 
animal lungdom, is characterised by a double circulation, a quick 
respiration by lunp^s subdivided into minute cells, warm bh.>od, and, 
with few exceptions, a covering of hair. But the lunj^^s are not lixed 
in the int<!rspaces of the ribs, as in birds; nor do tlu-y coniniunicate * 
with abdominal air-celis but are coutined, with the heart, and freely 
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suspended in a particular compartment of the general cavitj of the 
body, called " thorax," which is partitioned off from the abdomen hy 
a transverse vaulted mudcular floor, called the diaphragm/* {fig* 1. 
<2). Neither the eiroulation nor the respiration are quite so aetive> 
nor is the animal heat so high, as in the class of Birds : few, indeed, 
of the Manmialia eiyoy the power of flight : most of the class are 
quadrupedfl, as thej are commonly called par exeettenee, and support 
themselves and move hj the action of four feet upon the ground- 
Some burrow : most can swim, and a few are exdnuvelj adapted for 
living in water, and have the form of fishes ; in these the hinder 
limbs are wanting, and the anterior ones present the shape of fins: 
but aU Mammalia breathe the air directly. The colouring psrticlea 
of the blood arc more minute than in hirds^ and for the most part of 
a circular form, {Jig* 4, a, b). 

With a few exceptions the jaws of tlie Mammalia are armed 
witli teeth, variously modified in subserviency to the habits and 
food of the difTerent species. In like manner the stomach is sim- 
ple or complex, in relation to the amount of change to be eflTeetcd 
in the assimilation of the food : the small intestine ia usually divided 
from the larj^e l)y the prej?ence of a .single ecrciun, and the rec- 
tum, with very few execptio!)-, has its outlet distinct from that 
of the f^enital and uriinuy syaienis. The kidneys are supplied with 
blood from the renal arteries exclusively ; but the liver continues 
to receive the superadded system of the jiortai. The secretion 
of the kidneys is always conveyed to a urinary bladder {Ji^/* 1. m), and 
the penis b traversed by the urethral canal. 

AH Mammalia intromit in fecundation, and all are viviparous : in 
most the ovum, after quitting the ovary, becomes a second time at- 
tached to the parent^ through a varioudj modified cellulo-vascular 
organ called ** placenta." The young are nourished after burth by the 
secretion of glands, called mammary whence the name of the dasB. 
Perhaps the peculiar and constant existence of a well-devebped 
epiglottis, which Aristotle in one of his surprising generalisations 
states to be present in all hairy viviparous quadmpedfl^ may have its 
true relation of physiological co-existence with the mammary glands, 
being most essential as a defence of the glottis during the act of 
sucking. 

The bodies of the vertebrsB are united to each other hy concen* 
trie ligaments, attached commonly to flattened surfaces, fonning the 

intervertebral substance. The cervical vertebraj are seven, not varying 
in number according to the length oy shortness of the neck. Hair 
the characteristic elothin;> of tlie body; but abnost all the modifi- 
cations of iho epidermal system which we meet with in the inferior 
vertebrated classes arc repeated in the present : thus we have quills 
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in the " fretful porcupine," spines in the hedgehog, scales ^in the 
manis, bony scutes in the armadillo ; whilst a few species at the two 
extremes of the series are naked, for ezample, the whale aud the 
man. 

Thus far the review of the general anatomical cliaracteri;?tic.>^ of 
the Maiiinialian class seems not to indicate a very marked superiority : 
in the energetic contraction of the muscular fibre, in the rapidity <>i 
the actions of the heart and lunp^s, Mammals are surpassed by Birds : 
but the functions which attain their highest development in tliu 
Mammalian class arc of far nobler ciiaracter than those which are 
more immediately connected with the maintenance of animal life* 
Tiie progrestlTe ezpaiuioii the brain ia greatest and the finil pre* 
dominance of iteaon over instinct is achieTedy in the present dais : 
sensation is its characteristic rather than muscnlar energy or irrita- 
bility ; the instincts become more varied, they are also less mechanical 
and more edncable. In Hmnmalia we first find the cerebral hemi* 
spheres acqoiriBg an additional extent of the grey and vascular 
surface by convohiticii^ which increase in number and depth as the 
spedes approximate Man : a fornix first, and then a cprpus callosum, 
are introduced into the Mammalian brain, to bring into mutual com- 
munication the various parts of the hemispheres. A new cranial 
bone, the squamosal, developed from the proximal piece of the man- 
dibular arch, now, for the first time^ talies a share in the forma- 
tion of the walls of the cranial cavity. The organs of the senses 
attain their most complex structures in the present class. The ear 
has a perfect 5?piral cochlea, and the distinct appendage called outer 
ear. No bony plates arc vver developed in the sclerotic coat of the eye. 
The tui'binuted bones and pituitary membrnn<' ol' the nose present in 
most Mammalia a great, and in sonir a [n n lijxious extent of surface. 
The tongue is large, f»oft, aud paj)ill< m , and is suppUed with a gusta- 
tory as well as a motor and rcspii uiuj y nerve. 

We see the locomotive extremities progressively endowed with more 
varied and complicated powers. At first retaining, in the Cetacea for 
example, their primitive embryonic form of simple flattened Hm ; 
they next, with ampler proportions, acquire the full development of 
the normal joints and segments, and have their extremitiee enveloped 
in dense hoofs : next we find the digits liberated, and armed with 
claws confined to the upper surface^ leaving the under surface of 
the toes free for the exerdse of touch : then we have certain digits 
endowed with special offices^ and, by a partictihur position, enabled to 
oppose the oihers, so as to seise, retain, and grasp : lastly, in Man, 
the offices of support and looomotion are assigned to a single pair ol 
memben^ so organised as to sustain the body erect ; leaving the 
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antGi ior, and now tlio uj)per, limbs free to execute the various pur- 
poses of the will, and termiiiiited by a hand, which, in the matchlesd 
harmony and adjustment of its orgaulBation, iB made the suitable 
instrument of a rational intelligence. 



LECTURE 11. 

THE SKELETON. 

Dbsobiptifb Anatomy usually commeiiees with tlie bones, and the 
consideration of the pasrive organs of motion before the active ones 
is conformable to the sequence of devebpment» since the fixed points 
are formed before the mascuhur fibres. 

The branch of anatomy which treats of the Skeleton of Vertebrate 
animals is designated ^ Osteology^'' because in anthropotomy it re- 
lates ezdusively to the bones and teeth. But the skeleton, aooording 
to its etymological signification of hard and dry parts, might apply to 
the hair and naiU^ and» indeed, the entire epidermal system. When, 
also, in a general survey of the Yertebrata, the spinal column 

gristly in some fishes, and the tendons bony in some birds ; and whm 
we call to mind such homological relations as that of the fibro-mem- 
branous sclerotic ui the human eye with the cartilaginous sclerotic of 
the turtle and the osseous sclerotic of the cod-fish, it will be obvious 
that the present branch of anatomy ought naturally to embrace the 
aponeuroses, ligaments, and cartilage?, sinee thp^r are so many ar- 
rested stages in the histological devclo{)ment ( f ihr Hjt(»rnal skeleton. 

In the Tnvertebrata we saw that the skeleton, or parts analogous* 
to the boiiLs ot the Vertebrata, commonly consisted of large, strong, 
thick, often unjointed plates, developed in or upon the skin, hardened 
principally by carbonate of lime, protecting the whole body, and 
having the muscles attached to the inner surface. 

In the Vertebrata the skeleton chiefly consists of diversely con- 
figurated, but most commonly cylindrical and articulated pieces, 
hardened chiefly by phosphate of lime, developed from fibrous and 
cartilaginous tissue in the interior of the body, of which it Ibtms the 
internal framework, giving attachment to the muscles by the outer 
snrfiMe^ and subserving their action as levers and fiilera. 

The exterior calcified shells and crusts of the Invertebrata are nn- 

* For the sense in which tlie terms liuiiiologous and analogous arc used in the 
present Lectures, sec the Ulossary appended to the " Lectures on Invertebrata," 
lS4ik 
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vascular; thry grow by the nddition of layers to their circumferenoe, 
or they may be cast ofl' when too small for the growiug body, and be 
reproduced of a more conformable size , but they have no inherent 
power of repair. 

The internal bones of the Vertebratn are vascnlar ; they grow by 
internal molecular addition and change, and have the power of repair- 
ing fracture or other injury. 

Such ire the Irnmd and obvious distinctive characters of the 
skeletoiiB of llie Inveitelnvte end Vertebrate animals ; the eontrtsts 
having xektion chiefljr to the difference in the development of the 
nervous sjsteou Thus, when the powera of disoeming and avoiding 
lethal or hnrtfol agencies are dull and contracted, the entire animal 
is protected a hard insensible dermal armour, or exo-skeleton ; 
bat, as those powers become expanded and quickened, the body is 
disencumbered of its ciMt of mail, the skeleton is put inside^ and made 
subservient to the activities^ and the skin becemes proportieneUy 
more sosoqttible of outward impre^ons of pleasure and pain. 

Some estimable anatomists, who have more especially devoted their 
attention to the detection of the corresponding parte in different ani- 
mals, have supposed that these different functions were performed by 
modifications of essentially the same or homologous parts of the 
skeleton. V 

6 n. 




(Jb*ti \ iag that a sep^ment of the outer skeleton of an articulate 
animal, the thoracic ring of a lobster for example (Jii/. o.), formed 
a small canal (e s) for the nervous trunks, and a larger one {/i ) for 
the vascular trunks and plastic organs ; and that a thwadc segment 
of the skeleton of a Vertebrate animal (Jig. 6.) also formed a small 
protecting canal for the spinal chord (e, m), and a larger hoop (c, kt) 
about the vascular and other viscera of that cavity,— they have con* 
eluded that both were modifications of the same dements or primary 
segment of the skeleton. Cams, fer instance (No. l p. 73.^ calls 
both rings **vertebn9;* and Geofiioy St. Hihore (n. p. 119. pi. 7.) 
thought it needed but to reverse the position of the Crustacean, — to 
turn what had been wrongly deemed the belly upwards, — in order 

c s 



Digitized by Google 



22 



IiECTtTBK 0. 



to demonstrate the unity of organisation botAvecn tlic Ai lieulate and 
Vertebrate animal. But the position of the brain is thereby reversed, 
and the alimentary canal still inter\'ene8 in the Inirertebrate between 
the aortic trunk and the neural eanal. 

The outer and the inner skeletons do agree in certain relations: 
neither of them are primitive parts of the organism, but ■re modifi* 
cations or mekamorphoBes of othw pre«exiBting systems : both aerre 
as fixed pointa of attachment to the moadesy aid their action as levers, 
and deteraiine the kind of movements by particular jointa : both are 
oigans of protection and support. 

But, besides the diiR^Tenfl<w of tissue^ mode of growth and vital 
properties, already noticed, the exo- and the endo-akeletons diflfor in 
the one being developed from the a^in, the other from the intemal 
ceUnlar and fibrous systems. The exo-i&eleton defends or surromida 
the peripheiy of the animal ; the endo-skdeton the intemal parts. 
The ezo-akeletoa is related to the muscles by its inner surface^ the 
endo-skeleton by Its outer surface. The exo-skeleton is the reflex of 
the circumambient medium and rdations of the animal : the endo* 
skeleton is the index of its motive energies and its inteUigenoe. 

Even the neural canal itself is diflcrcntly constructed in the 
segments of the exo- and endo-skeletons selected for comparison : in 
tlie Vertebrate it is an arch developed from a central column U\ fiy. ().)' 
whicli, in like manner, give** origin to the ojtposite or htemai arch ; 
in the Articulate the neural canal is formed by processes, npodemata, 
or entapophyses {cyjig. 5.) bent off from the great peripheral arch. 
Moreover, the development of these processes relate? rather to tliat 
of the muscular than ot^ the nervous systems. We saw * how greatly 
the p:an^Uons vary in number and position u])on the abdominal nerve- 
trunks of insects. Now, if the entapophyses of the dermo-skeleton — 
the secondary vertebras of Cams— were developed, like the neural 
arches of the vertebras of the endo-akeleton, in special relation to the 
protecticm of the nervous centres, and conformable in nuAber wiUi 
the pairs of nerves thence sent offf, we ought to find tiiem go- 
verned by the existence and position of the ganglions ; but it Is not 
so. In the Myriapoda, as Von Baer well objects (m.), entapophyses 
are entirely absent; and in winged insects they are confined to the 
thorax or locomotive segment, although there may be two, three, or four 
ganglions in the abdomen. And, what is further to be remarked, the 
thoracic entapophyses are not developed over the thoracic ganglions, 
but over the inter-communicating chords. In fact, their relation to 

* Ltictum on Invertsbntai 8vo, 1 843, p. 205. 

f Numerus ▼ertcbrarum Mrapcr cum uuincro ucrvoruin spinaiiuin intiiue co- 
hanst"*— Otto Hew, De Omtm Canentwte imrmaK, 4to. I8S6, p. f. 
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the nerve-trunks seems to be aecidental, depending upon the position 
of the muscular masses to wliieli they give attachment, and which 
office is the essential condition of their existence. For this purpose 
the processes of the cxo-skeleton of Insecta and Crustacea must go in- 
wards, and thus they happen to protect certain parts of the nervous 
system. 

Only the highfist of the Mollusca possess a true homologue of the 
€odo-8keleton, developed in relation to tlie defence of the nervous 
centres : bat it is s feebl^cartihiginotis rudiment in the best organised 
Ccphalopods ; and, in tke cuttle-fish, is far outweighed bj the calca- 
reous dorsal plate which still represents the exo-skeleton of the tes- 
taceous moUnsks. Thus a cartilaginous cranial ▼ertehra co-ezists in 
the Ugliest Invertehrata with a calcareous dermal ikeieton; and 
there is no abrupt contrast in psssing thence to the consideration of 
the skeleton in the Vertebrata. 

Hie eno-skeleton is by no means indeed dispensed with in the Ver- 
tebrate series, although the cndo-skeleton is constant, and here attains 
its full development. In the lowest class, most fishes, for example, pre- 
sent an imbricated outer covering of scales, developed like shells, 
between the derm and epiderm : other fishes have hard osseous plates 
or spines scattered over their exterior, or are entirely snrroundcd 
by a connected armour of dense enamelled bony scales, as in the 
Lcpidosteus and the Ostracion, which latt«>r fisli otlers an instructive 
example of the co-cxistence of an exo- with an endo-skeleton, and 
a convincing refutation of the idea of the homology of the annular 
segment of the crust of the lobster with a true typical vertebra. In 
the subjoined diagram, (yJ^r. 7.) n is the cartilaginous neural canal ; 

pi, the membranous plcurapophysial wall of 
the abdomen ; /(, tliC arterial and venous 
trunks of the abdomen ; duy dp, dh, the der- 
mal ganoid plates. The ossifieid scutes of the 
Crocodiles and the tesselated armour the 
AnnadiUos are ezamplee of the ezo-ekdeton 
co-existing with a weU-dereloped and ossified 
endo-skeleton ; and wherever the exo-skeleton 
of a Vertebrate animal is calcified, it presents 
the same organised vascular structure and 
vital properties as the bones within. Most commonly the exo- 
ftfc^lfit^ cf the air-breathing Vertebrata is epidermal, as wlicre it 
forms the scales of the serpent or lizard, the large plates of the 
tortoise, the imbricated pointed scales of the manis, tlic spines of the 
hedgehog, the ([uills of the porcupine, the feathers of the bird, or the 
hair of the ordinary mammaL 

c 4 
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The skeleton is not entirely cxternol or dermal in the invertebrata. 
Independently of the true cartilaginous <Mido-skel« ton <»f the Cepha- 
lopods, and of the cntapophyses, sometimes also eartila^iiiouh, ol die 
annular segments of the cxo-skcleton of Insects and Crustaeea, there 
are parts, as the calcified framework supporting the gaiitric teetli, 
and giving attachment to the muscles which work them, in the 
lobster, and the calcareous gastric plates of the Bulla, u iiich relate 
more particularly to the functions of the internal organs, or contained 
vi^»ceru ; and we find a corresponding group of parts of the general 
skeleton in most Vertebrate animals. The cartilages or bones of 
larynx, trachea, and broncliia of the aii^brealblng TertebraloB, the 
bonea and cartilages supporting the branehka In fishes and batra- 
duans, the bones in the hearts of certain birds and mammals, are 
examples of the yisceral series of hard parts, or the ^splanehno 
skdeton,** as it has been tenned by Carus ; and Ywy neailj and 
natnrallj connected with this primary division of hard and diy parts 
are those bones and gristles which form capsules^ or support the 
appendages of the special organs of the senses} as, for example, the 
sclerotic osseous cups or plates of the eye, the petrous capsule of the 
labyrinth, the ossicles and cartilages of the tympanum and external 
ear, the turbinate bones and gristles of the nose. But some of these 
" sense capsules are connected and intercalated with the true bones 
of the endo-skeleton, and subservient to similar functions, besides 
their own special uses, so tiiat they are generally described as ordi- 
nary bones of the skull. As in all arrangements of natural object^ 
where nature is followed in selecting their characters, so in classi- 
fying the parts of the general skeleton of the Vcrtebrata, the ])rimary 
groups blend into one another at their extremes, and make it dithcult 
to draw a well-defined boundary line between thciu. Thus the 
hyoid aiid branchial arches closely resemble each other in fishes. 
Bones of the dermo-skeleton combine with those of the endo-skeleton 
to form the opercular and the single median fins. But we must not 
on that account abandon the advantage of arrangement and dassi- 
fication in acquiring an intelligible and tenable knowledge of a 
complex sjstem of oiganSi when typical characters dearly iadicate 
the general primary groups. Clearly appredating the existence of 
such characters in the very numerous and diverdfled parts of the 
general d^deton of the Vertebrate animals^ I, therefore, adopt the 
primary division of those parts into endo-dceleton, exo-skdeton, and 
splanchno-skeleton. 

The endo-skeleton may present itsdf to our observation under 
three histdogical conditions, the fibrous, the cartilaginous, and the 
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oflseotis : the exo* and aplanchno-akeletons may ofier also motlier, 
or fourth oonditioiv tu. the albominoiii^ or epidermaL 

The moat eomnum tieme of the endo-skeletoii ti the Yertdmla ia 
that called boiie»" and it iB peculiar to this primarjr diviaioii of the 

Aninial Kingdom. 

Bone consists of animal, chiefly gelatinous, matter, hardened by a 
general but regulated diffusion of earthj molecules ; the proportion 
of organic to inorganic matter varies in ditlerent classes. Fishes 

have the least, Birds the largest proportion of earthy matter ; and of 
the two, in this respect, intermediate classes, the Mnmnialia, espe- 
cially tiie active predatory specie>s have more earth, or harder bones, 
than Reptiles. This diti'erence depends chiefly upon the quantity of 
fluid, or evaporable matter, in the cells and tubes ot the animal la>i>', 
but not wholly, as .nome have supposed ; at least the apparently 
exact, certainly most carefully and scientifically conducted experi- 
ments of M. Bibra (iv.) on thoroughly dried portions of bone, show 
the following differences : ~ ' 



FB0P0BTI0M8 OF EARTHY AND ANIMAL MATTES IN THE BONES OF 

TSBXIBB4TB AJOKALS. 



FISHE& 

Salxom. C*ar. Cod. 

Sdm» Satar. C^fprhm Carfto. Gtidut Mtrrkmu 

OtffUM - 40*40 94*30 

Inorguuo - ^9-3S 59*60 65-70 

100<00 lOO-OO lOOOO 



Organic 
Inorganic 



Frog. 
Mana ttcuienta, 

35-50 
64*50 



REPTILES. 

Snak t 
Colt^xr Aatrix. 

31*04 
68-9S 



LiZAHn. 

lAUetia agUit, 

46-67 
5S*SS 



100-00 



100-00 



100-00 



InoifiMiio' 



Dor rniN. 

Dtlphinut 
Ddphia, 

35*90 
64*10 



MAMMAL& 

Boa Taurut, 
(Femur.) 

91-00 
69 OO 



Wilu-Cat. 
Fdit CatuM. 

(Femur.) 
«7*77 



Man. 

Homo. 
(Femur.) 

68-97 



lOO-OO 



100-00 



100-00 



100-00 
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Organic 
Inorginie • 



Coos«. 
Attier (femur.) 

32*91 
67 "OD 

100*00 



BIUDS. 

Turkey. 
Galhpavo ( femur.) 

30*49 
100-00 



Hawk. 
FaHeo Gallimanut, 

86-78 
lOO^OO 



In tliB ftbove table it will be obeerred that the bones of the fresh- 
water Bshes are lighter and retain more animal matter than those of 
the Bsh which swims in the denser sea, and that the Mammalian 
marine spedeSy Ddphimiti differs little from the sea^fish in this 
respect The BatrachianBepUle has more animal matter in its bones 
than the Ophidian or Saurian, and thos more resembles the Fiah* 
Ssipents almost apinroacfa Birds in the great proportion o£ the 
earthy salts, and hence the density and ivory-like whiteness of 
their bones. The typical bones of Birds are the whitest and most 
compact of all bones, by reason of their large proportion of earthy 
matter, and also of the absence of marrow from their capacious 
pneumatic cavities, on which their lightness depends : in those bones 
of Birds from which air is excluded, the oily marrow deadens tlie 
whiteness of tiie tissue and it is often diiEcult to get rid of the greasy 
surface in skeletons. 

The nature of the inorganic or lianleuing partiol« «. and of the 
organic basis, according to the analyiis by Bibra of conijduiely dried 
portions oi" bone, is excniphhed in the subjoined table, including a 
species of each of the four clastses of Vcrtebrata. 



CHEMICAL COMPOSITION OF BONES. 





Hawk. 


Man. 


ToftTOISB. 


Cod. 


PhoRphat* oTIame, wifb tnwe 










nf Fliint - - 


64 •?>9 






57-29 


Carlionate of Lime 


7-08 


7 •;};$ 


12-53 


4-90 


Piiospbate of Magncn* 


0'94 


1-38 


O^S 


8-40 


Sulphate, Carbonate, Md Chlo. 










rate of Soda - • . 


0-92 


0-G9 


0-90 


MO 


Glutin and Cbondrin - 


25-73 


29-70 


Sl*75 


S8-3 1 


Oil • . . . 


01»9 


I'SS 


1-34 


2<00 




lOO'OO 


100-00 


100-00 


100 oo 



In addition to the differences already noted in the proportions of 
earthy and animal matter, it is interesting to observe that the propor- 
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tioa of soluble Mlts to the less soluble phosphateB of lime is greatest 
in tlie ^Mhf and tbat thm ia mosl carbonate of Ibne in tbe bones of 
the tortoiie* The quantity of empomble flnid la greatest in the 
bonea of Flahea» eapecialij in thoee of the aemi-oaiaona aharka and 
raj% in tbe akeletoiia of whicb alao the aalta of aoda dre in hoger 
proportion than in the oaaeooa flshaa. The animal part of the 
ahaik'a akeleton difea from the glutin of ordlnaiy bonea, and firam 
the oaiifiabte cartiJage of higher animaSa; it haa more analogj 
with mneoB, requiring 1000 times its weight of boQiiig water for 
its solution ; and thia ia neither precipitated by infiialoB of galls, nor 
yields any gelatine upon evaporation. In the entirely nnoasified 
akeleton of the lamprey Bibra found only 1^ per cent of earthy 
salts. 

How, we may next ask, are the inorgaoio earthy particles difRiaed 
through the animal basis, and whence are they obtained ? Bones are 
not a primitive formation, but the result of a transinntation of pre- 
existing tissues. Tlie inorganic salts defined in the Ibregoing tables 
pre-exist in tlie nU»tuuen of the egg, in the milk which nourishes tlie 
new-bom mammal, in the plasma or " liquor sanguinis " of the circu- 
lating fluids. 

The blastema or primitive hasls of bone is not originally cartilage, 
but more n;sembles mucus in it> chemical characters : it iipin ars at 
first to be a sub-tmnsparent gUiiiy fluid, but contains a multitutlc oi 
minute corpuscles. Its assumption of the cartilaginous character and 
consistency is attended with the appearance in it of numerous small, sub- 
elliptic, nneieated cells. As the cartilage hardens, theae ceUs in cro aa o in 
number and siae^ and begin to aocomnlate^ and to be arranged in 
linear seriea at the part where oadfication is about to commence. 
These eeriea in the cartilage of long bones are usually vertical to ita 
ends^ and in flat bones aie vertical to the peripheral edge ; i, e. 
they are parallel to the axis of the long bone^ and are radiated in the 
flat one^ but not with mathematical exactness. . 

The nucleated oeUa are the inatmmente by which the earthy par* 
tides are arranged in order; and, in bone, as in tooib, there may 
be discerned in tliis predetennined amngement, the same relation 
to the acquisition of strength and power of resistance, with the 
greatest economy of the building material, as in the disposition 
of the beams and columns of a work of human architecture, (v. 
p. vi.) 

The power of the cells so to f operate upon the salts of the }>lasma, 
which ])r'rrolate8 the intcrvrning tissue, seems to reside chiefly in the 
repellent property of their nuclei : I have been led by obscrvatiun of 
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some of the phenomena of osteogeny to surmise that the walb and the 
nucleus of the eeU were in opposite dectiio or magnelie atatea^ <»m 
attracting, the other repelling, the Bunrounding earthy parCidea. 

Certain of the oolumnar series of nucleated cella heoome more 
aggregated ^r pressed together ; their nuclei become more oonoen- 
trated, and, according to Miescfaer and Gerher, thej coalesce and be- 
come dissolved, leaving a cylindrical tube, parallel with the long 
axisof the future bonew Firsts a reddish lymph, and then a ca^llary 
vessel is prolonged into each of these i^linders, which is converted 
into a Haversian,** or vascular canal : before, however, the direct 
influence of the circulation has penetrated so far, the nucleated carti- 
laginous cells have arranged or propagated themselves in concentric 
series round the cylinder, and the intervening layers of the mole- 
cular blastema begin to be impregnated with the hardening salts, 
which, being repelled by the nuclei of the cells, arc forced into the 
concentric laminated arrangement around the Haversian canal. The 
establishment of tlic capillary circulation in these canals accelerates 
the prioress of ossitication by the rapid import of new material : the 
resistintr nin lei of the surrounding concentric celU, pressed on all 
sides, undergo a rmiaikable chanfjc, and the nucleolar matter is 
forced out in rays, but chietly in the direction where the resistance 
ie least, viz. towards the Haversian canal. The r^ luaining central 
nuclear matt^^r and that of the diverging rays finally become dis- 
solved, and establish permanent bone-cells and minute tubes, which 
tubes, traversing the concentric lamelhc, open into the Haversian 
canal, and receive the transuded plasma from the blood* capillary. 
The tubes branch and anastomose, and form the medium of the trans- 
mission of the pUsma through the densest osseous tissue. This sys- 
tem of cells and tubes, in fact, perform the same important Amotion 
in the nutrition of the osseous tissue, which I ascribed in 1838 to 
the corresponding cells and tubes of the cemental tissue of the teeth 
of the Megatherium (vi. p. 104.) : and they might be appropriately 
termed the ''Plasmatic i^stem.** They correspond with one of the 
series of the " vasa lymphatica** of the older physiologists ; the first 
kind, for example, specified in Koquez*s edition of Kiel, quoted by 
Hunter: "Les premiers naissent des extr^it^ art^elles; on les 
nommc * art^res lymphatiques,' qui peut-etre nc sont autre chose que 
les conduits excr^toires d'une lymphe trds subtile, ou de la mati^ 
qui transpire" (vn. voL ii. p. 1 1.). The dentinal tubes of teeth and the 
j)lasmatic tubes of bone are not, indeed, prolonged from attenuated 
ends of arterial capillaries, but they receive the plasma transuded or 
transpired from the parietal pores of the capillary system, and thus 
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they agree in their main pli} siological relations with the first class of 
Noquez's Lymphatics: and the solid tissues of tooth and bone 
manifest under the microscope a system of nutrient vessels, which 
were only hypotheticsUy known to the older physiologists. I have 
detected a simitar system of plasmatic tubes in tendon ; and they 
probably exl&t, under characteristic modifications, in all tissuei^ con- 
stituting the essential nutritive system of such. 

The remains of the metamorphosed cartilaginous cells in bone 
wcro first discovered by Purkinje and Deutsch, (viii.), arranged 
in concentric series around the Haversian canals : they be- 
lieved tliem to be solid, and called tliem " corpuscula ossea." Tre- 
viranus (ix.) first described them as cavities or " lacunie," in the 
intervals of the coucentric ossitied lamella^ and he believed them 
to be filled with fluid. Professor Miillcr (x.) was led by the 
whiteness of the radiated corpuscles when viewed by reflected light, 
and by its disappearance, accompanied with evolution of gas, when 
acted upon by dilute acid, to regard them as containing, aiher in 
their parietes or easily, calcareons salts. Serres and Daym and 
others bare r^rodnced the idea of TreTiranns, which is true to a 
certain extent, hat hare erred in denying that the radiated cells 
contain any cslcareous saltSi and hare oljeeted to the term " calci- 
gerons** applied to those cells. But the elects of reaction of dilute 
add in remoying the opad^ of the cell when ^ewed hj transmitted 
lighi^ and in removing its whiteness when viewed by reflected light, 
show that these opticid phenomena are not due to the mere depth of 
empty cells: aggregated particles of the earthy salts become depo- 
sited after the sdution of tiie resisting nuclear matter upon their 
parietes; but the cavities are preserved by the slow but constant 
p^x2olation of the plasmatic fluids. Thus bone, like dentine, " pre- 
sents a two-fold arrangement of its hardening partides, which are 
either blended with the animal matter of the intei^paccs and parietes 
of the tubes and cells, or are contained in a minute and irregular 
granular state in their cavities;" and " the density of bone, as of 
dentine, arises principally from the proportion of earth in the first of 
these states of combination." (v. p. iii.) 

Thf ]ii imitive arrangement of the osseous ti-^^no. «o comixKsed, is 
lamelhir, the lamella? being arranged either concentrically around the 
Jlavertjian canal, or around the entire circundercnce of the bone, or in 
interrupted plates connecting together the Haversian cylinders, and 
those with the generally surrounding peripheral lamLlke. 

The Haversian canals usually contain, in addition to the capillary 
vessel, some oil, and this is tlie seat of the green colour in the bones 
of the Belone and Lepidosiren. 
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In most osseous fishes the nucleus of tli<? cartilage-cell quite d'ls- 
appears in the process of osssilication, and only the tubular prolon- 
gations of tlie nuclear matter leave p( ruiaucnt traces as plasmatic 
tubes, which traverse the os.scous lamelhi3 in the intervals of the vas- 
cular canal, and freely open into the latter, which are unnsuallj 
numerous* In the bones of Beptiles there is more diversity in the 
number of the Hayefdiii omla, which la leas in Ophidians and 
Sanrians than in the fiah-Iike Batraefaian. The radiated cells are 
always present, bat are leas r^lar in form and rather laiiger than in 
Mammals ; thej are rounder in Birds, with less conspicvoua radiating 
plasmatic tabes; they are osoallj more eUiptic and compressed in 
Mammalis in the oaseoas tiasne of which dasa the more appreciahle 
difference in microsoopic structure obtains in the rdative siae of the 
Haversian canals to the plaamatie^ caldgeroas, ridkted cella. 

These cells vary little in diameter in different Mammalia ; but the 
Hayersian canals which average 5 J^th of an inch in diameter in the 
mouse arc ^th of an inch in diameter in the oz, and T^^th of an 
inch in the human subject. 

The Haversian canals are fewer in the dense osseous tissue of 
Birds than in that of Mammals: in the bones of Chelonia and 
Batnichia they arc more numerous, larg^er, and more reticulariy dis- 
posed; the radiated cells are also larger. 

In my treatise on the teeth (v. pp. xvi — xxii.), I have shown that 
the osseous tissue corresponds in microscopic Ptructure with that of 
the dentine in many tislici*. In no class is the structure of the t<'oth 
more varied, and in none do we find such extreme moditicatiouci in 
that of the bones. 

Throughout a great part of the skeleton of the pike the osseous, 
like the dental, tissue is characterised by ''a re tic ulo-med ullary 
tubular structure : " the meshes or interspaces being traversed by the 
rich series of plasmatic tubes communicating with the vascular or 
Haversian canala ; and there are few central dilatalions radiating 
plaamatic tubea, in other words, few pnrkingian cells. 

In this section of the lower jaw of a MuroBna (Firep. 2660 a.) we per^ 
ceive, on the oontraiy, an abundance of radiated ceUs^ but no Haversian 
canals. The cells, divided lengthwise, present a long, thin ellipse^ with 
the ends prolonged into plasaiatic tabe% laiger than those which radiate 
from the sides; and, as the tertuinal prolongations communicate with 
each other, a series of cells may often be traced resembling a monili- 
form or alternately dilated and contracted canaL In a section of a 
jaw of the common eel, large, irregular vascular canals are seen, 
combined with radiated cells like those in the JMurnena. In a section 
taken from the second thin longitudinal crest of the craniam of an 
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J^phippus, there arc no radiated cells ; the dense tissue is traversed 
hy |>;u jiliel undulating plasmatic tubes, which here and there present 
blight dilatations, divide, and give off minuter tubes which ana.stomof»e 
in their interspucCii. The medullary canals, from which the tube 
derive their plasma, are few and large. 

Aiuiutt endless are the minor modifications of the structure of the 
osseous tissue of the Vertebrate animals, chiefly produced by varieties 
in size, course, and number of the va^^cular canals and the radiated 
cclld and tubes : both vascular cauals and radiated cells may be ab- 
•ent in tbe porticm. of bone examined ; but the plasmatic tubes are 
always prOBent In the dermal bone-platea of the sturgeon, they 
become^ in the dense exterior layer, as minule as in the so-called 
enamel of the sharks teeth.*. 

The growth of bone presents scMoe modifleations in the diflferent 
c L i iH ieo of Yertebrate animals. 

In Fishes the bones conturae to increase in dimension almost 
throughout life : this is best seen in the eraniuni, where the periphery 
of the bones, both of those which oTerlap by squamous sutures^ and 
those which interlock by broad dentated surfaces, is cartilaginous^ 
and, in the thin bones, sub-transparent Here the deTdopment, 
serial arrangement and metamorphoses of the cartilaginous cells, in 
other words^ the growth of temporary cartilagei are always to be 
seen in progress. 

The long bones of most Reptiles retain a layer of ossifying cartilage 
beneath the terminal articulating cartilage, nnrl irrowth continues at 
their extremities throughout life. Few of the long bones of Bird- have 
separatf terminal pieces or epiphyses : the distal epiphysis of the tibia 
is an exception to this rule ; but the distinct single piece which forms 
the upj)erend of the ankie-bone in the young bird i-epresents the tarsal 
segment, and rests, not on a single diaphysis, but on the still separate 
proxiiiiul ends of the three metatarsals. In tail-less r.atnu^hians and 
in most of the Mamiuiilian class, tiie ends of the long cyliaJrical bones, 
which support the articulai- cartilages, are distinct in the growing 
bouc from the shaft, and are termed " epiphyses,*^ the shaft being the 

diaphysis : the seat of the active growth of the bone is in acarti* 
laginous crust at the ends of the diaphysis. When the epiphyses 
flnaUy coalesce with the diaphysis, growth in the direction of the 
bone's axis is at an end : but in the Mammalian bones^ as in those of 
Birds and BeptileSk there is a dower growth going on over the entire 
periphery of the hone, which is covered by the periosteum : the 

* The w«Hrk of Bibra (iv.) contains good observations and illustrations of the 
comparative miemeopio automy of the osseoua tiamie in the difiSerent chuties of 
Vcrtebrata. 
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periosteum is that membrane in which the vascular system of a bone 
undergoes the aiuount of subdivision which reduces its capillaries to 
the dimensions suited for |>enetruting the pores leading to the v a a enlar 
and Haversian emht* 

These preparations of. the bones of young pigs fed with madder 
(Nos. 190^201. Fhys. Series^ and those of yonng biids^ showing 
artifieial perforations (Nos. 188, 18d.X illustrate some e^eriments 
bj Hunter on tiie growth of hone. 

The strong affinity of phosphate of lime for the colouring matter 
of the RiMa iimtonait, which, when tahen as food, passes into the 
plasma of the eireulating fluids and oombines with the phosphates of 
lime with which that fluid comes in contact^ has been supposed to 
Ihrow some clear light upon the growth <^ bone. All the phosphate 
of lime which is deposited in tooth nr bone, whilst tbe madder is in 
tlie system, is deeply tinged by it, and Hunter found that the exterior 
layers of the growing booe of a young pig which had been fed a 
fortnight on madder were most strongly coloured. But he observed 
also in another young pig similarly fed, but killed a fortnight after 
the madder had been otTnttod from its food, that " the exterior of the 
bones was of the luitural colour, but the interior red." (xi. p. 75.) 
The inference dedueed was, that a new layer of bone, durin;: the 
absence of madder from the eireulating system, had been formed, 
uncoloured, on the exterior surface. 

Mr. Gibson endeavoured to invalidate the conclusion, by hinting 
that the colouring matter might have been removed from the pre- 
viously stained bone by the serum of the blood, which fluid he be- 
lieved to have a greater affinity for the dye than phosphate of lime 
had i but Mr. Paget has proved by experiment that the pbos^ 
phates imve aetnally the stronger afllnilj ftr llie dye. 

The weU*known fact that the phosphates on every internal or 
external surfaoe of the bone, which is exposed to the current of the 
dye-charged plasma, attract the dye, by no means invalidates the con* 
elusions from the ingenious experiments of Hunter i for the quantity 
of colour so imbibed by the previously and completely formed bone 
is always much less than that which the growing bone receives from 
the phosphates deposited during the presence of madder in the eir- 
eulating system. 

Hunter's experiments, therefore, colndde with those of Du Hamd, 

made by encompassing shafts of growing bones with rings of wire^ 
in proving that the increase in circumference is due to growth at the 
periphery beneath tlio periosteum, such rings having been found, 
after a certun period of growth, in the cavi^ of the enlarged bone. 
The growth in length is, however, much more active ; and this, in 
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the long bones of Mewimelie, takes place oliiefly at the cartilaginous 
ends benefttb the epiphjaes. This is proved by boring boles^ or Intro- 
daeing shots, at definite distances in the diaphyses of growing bones, 
and examining the perforations a week or a fortnight after the ex- 
periments. The Interval between the holes next 1ih» ends of the 
bone found much incrca^^od, whilst that betwe^ those nearer the 
middle is but little, if at all, changed. AH these experiments concur 
to prove that the growth of a bone is not by uniform and general 
extension, but bj accelerated increase at particular parts. 

But extension of parts is not the sole process whicli takes place in 
the growth of bone : to adapt the bone to its specific office changes 
are wrought in it by the absorption of parts previously formed, espe- 
cially in the higher classes of Vertebrata. In Hahes we observe a 
simple immoditied increase; but in some species, ossification com- 
niMif^eg at the periphery of the animal mould or basis, and is always 
liniiit (1 to a thin outer crust of tlio l>one, the rest remaining carti- 
laginous or gelatinous. In some ui tiie higher cartilaginous fishes, 
for example, an o&aeous crust is formed upon the periphery of certain 
cartilages, in the form of prisms, which contain oval calcigerous cells, 
but without conspicuous radiated tubes. Such bones in a dried or 
fossil state seem to have had large internal or medullaiy cavities ; but 
thej were filled by the nnoesified animal basis. To whatever extent 
the bone of a fish is originally ossified, sneh it remains, and con- 
sequently most of the bones ot fishes aro solid or spongy in their 
interior. 

The bones of the Chdonia are likewise solid ; a coarse dIploS fiUs 
the interior of the long bones of the extremities; and we find a 
similar stmctnre in the bones of the Getaoea and of the Seal tribe. 
Among terrestrial mammals the inactive Sloths and their great 
^tinet congeners, the Megatherium and Mylodon (xii. p. 83.), 
have the hmg bones of the extremities solid; whilst the agile Rn- 
minant shows each diaphysis in the condition of the hollow column, 
both the strength and lightness of the bones being increased by the 
progressive absorption of the first-formed substance, as new bone is de- 
poMted from without. The condition which is illustrated by this section 
of the femur of the Nilghau (Prep. 856 r), is common, in fact, to the 
long bones of all land moTnTiial^-, except the 'I'ardigrades al>ove specified. 
The Saurian and most ol tin Hatrachi ni reptiles have liltewise the 
cavity in en^h long bone, eailed " medullary." from its containing a 
cellular tissue filled by a fine, light, oily nuitter or marrow. Even 
the ribs of the large Ophidians have their liKdullary cavities : and 
the bodies of the vertebrae of some lizards and of the great extinct 
Poikilopleuron are similarly excavated. The medullary cavities of tlie 
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long bones oi' tlic extremities of tliu colossal %uanodon8 and Mugulo- 
saurs are as capacious as in any nmiiimalian quadruped, and the whito 
crjstalUsed spar with which these petrified bones are oftea filled, k 
called, not nnaptl/, *< foaail muanm " bj tiie queny-neii. In tiie <Hrdi- 
naiy mamm-^bonea of qnadropeda the walk of the cavi^ are t hiok ei t 
and Btrongest at the middle, and beoome thin towaida the ends, when 
the peripheral eonoeatrio lamells are separated by wider interspace^ 
and are broken np into a fine lattice or lace work. All thecavitjand 
the cells are lined by a deltcafte membrane, less Tiseolar than the ester- 
nal peciostemn, wld^ secretes and immediately contains the marrow; 
this fine oily fluid diminishes the brittleness of the bones. ▲ special 
artery called the ^ medullary,** supplies the lining membrane of the 
medullary cavity ; and the foramen and canal have the same relative 
position and course in most Mammalia as in Man ; to wit, the canal 
in the humerus and tibia inclines tUstadj in the femur and anti- 
brachial bones praximad, as it approaches the medullary cavity : the 
true Runiinantfi, however, present an exception as regards the femur, 
in which the TTK*nnllnry rtrtf^ ry, instead of penctratino: the buck part of 
the shaft and nniiiing uinviirds, enters the fore part of the sh&lt at its 
upper third, and inclines downward?. 

The Hat bones of Mammalia, v. <j, those ot the cranium, tht; sca- 
pulflB, and ilia, have a spongy texture, called diploe, included between 
two ciiiupact plates ; the internal one in the cranial bones is called 
the " vitreous table" from its density and brittlenesis. liul the mozst 
compact example of the osseous tissue is the bone containing the 
cnrgan of hearing, thence called petrous,** which, with the tympanic 
bone^ reaches the maximum of density in the Cetacea. 

The bones of birds, especially those of flight, present the opposite ex* 
treme of lightness \ not but that the osseous tissue itself is more com- 
pact than in most Mammalia, but its quantity in any given bone ismuch 
less, the most admirable economy being traceable throughout the skele- 
ton of birds in the advantageous arrangement of the weighty material 
for the office it is destined to perfbrm. Thus, in the loag bones, the ca- 
vitics, analogous to the medullary in mammals^ are more extensive^ and 
the soUd walls of the bone much thinner ; a large aperture called the 

foramen pncumaticum,*' near one or both ends of the bone, com- 
municates with its interior, and an air-cell or prdimgation of the 
lung is continued into and lines the cavity of the bone, which is thus 
filled with rarefied air instead of marrow. The extremities of the 
bone, instead of being occupied by a sponc^- diploe, present a li;j:lit 
open network, slender columns shooting across in ditl'erent di' 
rections fn-m wall to wall, and these columns are likewise hoUow. 
The vastly expanded beak, with its hornlike process, in the Uumbili 
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forms one great air-cell, with thin bony parietos ; and in this bird, in 
the Swifts, and thn ITumming-birds, every ])one of the skeleton, down 
to the phalanges ol the claws, is pneumatic. 

The extent to which the skeleton is permtatod bv air, varies in 
different birdie, iu relation cliiefly to tlieir different kmdri ami jxiwers 
of flight. The opposite extreme to the Swift is met witli in tbe 
terrestrial Apteryx and aquatic Penguin, in wbicli not any bone of the 
akeleloii reodra air. 

In the nummalivi daas the sir^ells of bone ere confined to the 
heed, and are tiled from the nasal or tympanie eavhie^ never irom 
the luugs. The fiontal, sphenoidal^ and raaxillaiy rinnaea^ and the 
mastoid oeUi^ are examples of pnenmatie bones in the human subject* 
The frontal sinuses extend badkwards the calvarium in most 
Buminants, and penetrate the cores of the horns in oxen, sheep^ and 
a few antilopes. 

The whole diploi of the upper* bade, and aide walb of the cranium 
was inflated, as it were, with air in the great extinct Sloths } the 
outer table was raised considerably above the vitreous^ and the brain 
thus seemingly defended by a double skull ; the advantage of which 
modification to these leaf-devouring animals, in the event of blows 
from the falling trees which they uprooted, is well displayed in the 
healed fractures of the skull of the Mylodon, in the museum of the 
College (xii. p. lo7.)- The outer table of the entire epicranium is 
similarly rni-^ed above the inner one by intervening large air-cells, 
and their sinuous septa, in the Giraffe ; the short horns ore solid Imt 
are sustained by the vaulted roof of the skull ; antl, as the animal 
can deal heavy blows with lliese simple weapon?, the concussion i.s 
diminished by the interposition of these air-chambers between the 
outer table and the immediate covering of the brain. 

The most remarkable development of air-cells in the mammalian 
class is, however, presented by the Elephant ; the intellectual pliy- 
&iognomy of this great Pachyderm being caused, as In the Owl, not 
by actual capacity of the brain-caae» but by the enormous extent of 
the pneumalae cellular diploS between the two tables of the skuO. 

In each of these modlficationa the vacuities of the osseous tissue, 
whether mere canceUi as in the Tortdse^ or small medullary cavities 
as in the Crocodile, or larger medullary cavities as in Mammals^ or 
pneumatic cavities and sinuses, are the result of secondaiy changes 
by absorption, and not of the primitive constitution of the hemes. 
These are in aO air-breathing animals solid at their first commence- 
ment, and the vacuities are formed by the removal of oeseooa matter 
previously formed, whilst fresh bone is added to the exterior surface. 

9 8 
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The thinnest-walled and hollowest pneumatic bone of the bird of 
flight was first solid, next a marrow-bone, and finally the cmc ot uii 
air-cell. The solid bones of the Penguin, and the nicdullarv femur 
of tho Apteryx and Dinomis, are arrested stages ul that course of 
developiiieut through which the pneumatic wing-bone of the soaring 
Eagle had previouslj passed. 

In proceeding after the foregoing survey of the general nature, 
ehemieal conBtitiitioo, development, growtii, and strncture of the 
oBseoos STStem, to the description of ^ Rkeleton in the Tertebrate 
animals, there next remaina to define a borne ; and the endeavour to 
do this haa not been the least difficult part of mj task, with re- 
ference to the applicability of the definitioii to the vertebrate aeries 
in generaL 

To the human anatomist the question — what iso ^e^— majap* 
pear a very nmple, if not a needless one : he will most probably reply 
that a bone is any single piece of oueone matter entering into the 
eomporition ef the adult skeleton ; and, agreeably with this definition, 
he will enumerate about 260 bones in the human skeleton, 

Soemmering, who includes the thirty-two teeth in his entimerntion, 
reckons from 259 to 264 bones ; but he counts the os Bpheno-orripitaie 
as a single bone, and (ds<» regards, with previous anthropntomi^ts, the 
OS tcmporis, the os sacrum, and the os innoniinatmn, as individual 
bones; the sternum, lie says, may includo two or three bones, &c. 
(xiu. p. 6.): but, in Birds, the os occipitah* is not only anehylo:*ed to 
the s])henoid, but these early eonlesee with the parietals and frontals; 
and, in short, the entire cranium proper consists, according to tiie 
above definition, of a single bone. Blumenbach, however, applying 
the human standard, describes it as composed of the proper bones of 
the cranium consolidated, as it were, into a single piece (xiv. p. 56.). 
And in tho same spirit most modern anthropotomists, influenced by 
the comparativeljr late pcoriod at which the 8phen<»d becomes anchy- 
losed to the occipital in Ibo, regard them as two essentially distinct 
bones. In directing our survey downwards in the mammalian scale, 
we speedily meet with examples of pernstent divisions of bones which 
are single in Man. Thus it is rare to find the basi-ocdpital confluent 
with the baai-sphenoid in mamm a l ian i^uadrupeds ; and before we quit 
that dass we meet with adults in some of the marsupial and monotre- 
matous species* for example, in which the supim-oodpitaly "para 
ocoipitalia propric^ sic dicta," of Soemmering, is distinct from the con- 
dyloid parts, and these from the basilar or cuneiform process of the 06 
occipitis : in short, the single occipital bone in Man is four bones in 
the Opossum or Echidna; and just as the human cranial bones lose 
their individuality in the Bird, so do those of the Marsupial lose their 
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indivi<luiility in the dnlinriry mammrtHan and human sknll. In many 
Mammalia w».' find the pterygoid processes of iintlu ojidtomy por- 
Dianently distinct bones ; even in Birds, where the jtrt L'^i t-j'S ofossific 
coulluence is ao general and rapid, the ptcrj<xo!il> ;in 1 tympanies, 
which are subordinate proce<»se8 in Man, are always independent 
bones. 

In many Mammalia the styloid, the auditory, the petrous, and the 
nuistcid processes remain distinct from the squamous or main part of 
the temporal, throughout life ; and some of these daim the more to be 
xegwded as distinet boiie% dnee they obvioaaljr bdong to different 
natunl groups of booea in the skeleton ; as the styloid prooess» for 
example^ to the series of hones Ibnning the hjotdean arch. 

▼iew of the os sacrum, in which this 
obvioaslj more or less oonfluoit congeries of modified ▼ertebns is 
counted as a single component bone of the skeleton, is safficientlj 
obvious. The os inmiminatnm is represented throughout life in most 
reptiles by three distinct bones, answering to the iliac, isehial, and 
pubic portions in anthropotomy. The sternum in most quadrupeds 
consists of one more bone than the number of i>airsof ri1)s which join 
it ; thus it includes as many as thirteen distinct bones in the Brad^put 
didactyhis. 

The arbitrary chturacter of the above cited definition of a bone, 
and the essentially complex nature of many of the single bones and 
independency of the processes of Iwne in anthropotomy, are taught 
bv (ui!it<niiy, properlv <-alled, which reveals the true natural groups 
of IxHies, and the moditications of these which peculiarly characterise 
the human subject. 

It will occur to those who have studied human osteogeny, that 
the parts of the single bones of anthroixjiouiy wliii Ii have been 
adduced as eoniiuuing permanently distinct in lowti aiiiinals, aie 
originally distinct in tlie human foetus : the occipital boue, for 
example, is ossified from four separate centres ; the pterygoid ))ro- 
eessea have distinct centres of ossifieation; the styloid, and Uie 
mastoid proeessesy and the tympanic ring, are separate parts in the 
foetus. The constituent vertehnB of the sacrum remain longer dis- 
tinct I and the ilium, isohium, and pubes are still later in anchy- 
losing together, to form the 'nameleas bone.* 

These and the like correspondences between the points of ossifica- 
tion of the human festal skeleton, and the separate bones of the adult 
skeletons of inferior animals, are pr^ant with interest, and rank 
among the most striking iDustrations of unity of plan in the verte- 
brate organisation. 

Cuvier, commenting on the arbitrary character of some of the 
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deiiuitions of single bones in anthropoUmoj, goes so for as to state 
that, in ovder to aseertida the troe nnniber of bones in eaeh speeie^ 
we must descend to the primitiTe osseoos centres m they are mani- 
fested in the f«etns.* 

Aooording to this nde we ought to eonnt the hnmenis as three bones* 
and the femur as four bones instead of one ; fcMr the osnfication of the 
latter begins at four distinct points, one for the shaft* one for the 
head, one for the great trochanter, and one for the distal condyles. 
But who will be induced to regard these parts and prooeeses as dis- 
tinct bones ? No such distinction is kept up in any of the lower 
classes. In both Birds and Bqittles the femnr is dereloped from • 
single oentre. 

The rule laid down by the great French anatomist fails in its ap- 
plication to the difRcult point under consideration, because he did not 
distinguish between those centres of ossification that have homological 
relations, and those that have only teleological ones: i. Ix'tv^reen 

' the ^ii'parate points of os.>irtciition of a huiTinn bon«^ which tyj))ty per- 
manently distinct bone» in tit*- low(>r aniinalt?, and the separate 

, points which, without such signilicution, facilitate ossification, and 
have for tiieir linal cause the well-beiuf^ of the growing animal. 
The youn;^ iamb or foal, for exaiiipk', can stand on its four legs 
as soon as it is born ; it lii't.« its bf>dy well above the ground, and 
<iuickly begins to run and bound. Tiie shock to the limbs themselves 
is broken and diminished at this tender age, by the divisions of the 
supporting long bones, — by the interposition of the ensMons of 
cartilage between the diaphyses and the epiphyses. And the jar 
that might aSect the pulpy and laigely developed brain of the im- 
mature animal is further diffhsed and intercepted by the epiphysial 
articular extremities of tiie bodies of the Tertebne. 

We thus readily discern a final purpose in the distinct centres of 
ossification of the yertebral bodies, long bones, and the limbs of mam* 
mals, which would not apply to the condition of the crawling reptiles. 
The diminiitiTe brain in these low and slow cold-blooded aitffftaltt 
does not demand such protection against concussion i neiUier does the 
mode of locomotion in the quadruped reptiles render such concussion 
likely; their limbs sprawl outwards, and push along the body, which 
commonly trails upon the ground ; therefore we find no epiphyses 
with interposed cartilage at the ends of a distinct shaft in the long 
bones of Saurians and Tortoifses. But when the reptile moves by lenpp, 
then the principle of ossifying the long bone by distinct centres again 

• •* Mai» CM difltiBcticms acmt arbttraircs, i t pour avoir Ic vC>ritul>le uuinbrc de» os 
cU> cli:»(]ne cBpcco, il faut ri^'inoiitor ju^rni' aux preotien noyam osieux teb qttlla «e 
muntrent cUii* le foetus." (xiji. toiu. i. p. 12a) 
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prevaila, sod the extramitieB of Uie bameri and femora long lemaiii 

epiph^rses in the frog. 

A final purpose is no doubt, aUo, subserved in most of the f-cpnrato 
centres of osr^iiication which relate homologically to perniimently dis- 
tinct bones in the general vertebrate series ; it has long been re- 
cognised in relation to facilitatiiiL; birth in the human fa'tus ; but 
some tacts will occur to the human oateogenitit, of which no teltiolo- 
gical explanation can be given. 

One »( t > not, for example, why the process of the scapula which 
gives attiichinent to the pectoralis nujioi-, tlic curat * j-hrachialis, and 
the short head of the biceps should not be developi^d by continuous 
ossification from the body of the blade-bone, like that which forms 
the spinous process of tlie same bone. It is a weU-known fact, how- 
ever, that not only in Man, but in all Mammalia, theeoracoid prooesa 
is oflsified irom a sqiarate oentre. In tbe Mbnotremes it ia not 00I7 a 
distinct, but IS as large a bone as in Birds and Beptiles^ in wUeh 
it continaes a distinet bone tbroughont life. Here^ then, we have 
tbe boraological, without a teleologieal explanation «f tbe sepanto 
centre for the comcoid process in the ossification of the hnman blade- 
bone. 

This distineticni in the nature and relations of such centres^ which 
is indispensable In the right application of tiie fiMSta of osteogeny to 
the determination of the number of essentially distinct bones in aoj 
given skdkiton, has never been considered, so fiv as I know, in that 
application. Some homologists (n. ziv.) haye gone beyond Cuvier, 
and still more beyond nature, in arguing the number of individual 
bones, as indicated by the number of separate centres of ossification 
in the embryo, to be the same in all vertebrate animals ; and that they 
afterwards differed, or seemed to ditr^-r, only by reason of the pr- ater 
or less rapidity or extent of the confluence of those ossiHc centres or 
essentially distinct bones. 

This primitive conformity of separate osseous pieces in the verte- 
brate scries hoVls good, however, only in regard to the separate 
centi-es of ossitication of tliose bones of higher animals which have 
homological relations to the permanently distinct bones of lower spe- 
cif s ; it by no means applies to those which have merely teleologieal 
relations to the species in which they exist. 

But, besides the epii)hyses of the long bones of Ma mmali a, which 
enter into tlie latter category, and cannot, therefore, be properly 
viewed in tlic light of distinct bones J what are we to say to the 
intercalated, inconstant " ossa wormiana," or to the ossifted tendons 
of birds, or to those developed in the tendons of the yertebral muscles 
of the musk-deer? Are these to be reckoned equaUy distinct and in- 
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dividual bonos ot the skeleton, with the occipital and parietal bones, 
with the dorsal vcrtcbi*a», or the tibi;r ? 

In considering thia and other fju(!stioiis previously discusijed, yoa 
will begin to appreciate the difficulties iu deliuing or determining 
what shall be considered a distinct and an individual bone in the 
skeleton. 

If we apply to each species the antiiropotoiDical definition of a 
bon^ as ** any t«ingle osseous piece of which the skeleton of the ma- 
ture animal is composed," we most qualify it by subordinate de- 
finitions of thedi£RsTent natures of such separate pieces of the skeleton. 
Hitherto bones haye been primarily classified according to their 
form, as long and cylindrical, broad and ibX, thick and squab, 
symmetrical, or unsymmetrical (xnL xL pp. 9, 10.) ; or, according to 
their position, into median* and lateral (xvi. p. xviii.)^ or into endo- 
skeletal, ezo-skeletal, and splanchno-skdetal bones (i. p. 113. 115.). 
But, besides these, the above discussed deeper and more essential 
differences of the bones require that they should bo divided into 
simpUy as being developed from a single centre, and compound^ as 
developed from separate centres ; and the compound bones, in the 
human SUlject, for exampk% may be subdivided into the teleologically 
compound, as the ossa cylinttrica^ which are originally developed 
from separate centres in relation to a sj)inal final purpose; and the 
homoloffically compound^ as most of the ossa lata (occiput, scapula \ 
and muuy o.fsa mixtn (vertc'brai, sacrum), which are developed trom 
separate centres, representing permanently distinct simple bones ia 
other Vertebrata. 

The teleologically compouiiJ bune« liave their relations limited to 
the particular exigencies of pm ticular classes, but the homoloojically 
compound bones have relations extending over the whole vertebrate 
series. 

The great aim of the philosophical osteologist is to determine, 
by natural characters, the natural groups of bones of which a verte- 
brate skeleton typically consists; and, next, the rdations of individual 
simple bones to each other in those primary groups, and to define the 
general, serial, and special homologies of each bone throughout the 
vertebrate series. 

By general homology I mean the rdation in which a bone stands to 
the primary segment of the skeleton of which it ia a part ; thus, when 
the basi-occipital bone (basilar process of the os oocipitis in anthropo- 

* These are mostly symmetrical ; l)iit tho youngest nnthropotomht mu«it have 
int-t with instances of a curved vomer, uiid hii unsyiumetricai sternum ; and, on the 
Other hand, uMMt of the phalftngcs among the ohm pttHu, wtut lattr^Ka, m sjm* 
metrical. 
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tomy) is said to be the centrum or bo«ly of the occipital or posterior 
cranial vertebra, its general hoinolugj in; eminciated. When it is said 
to repeat in its vertebra, or to nn«;wcr to the baf«i -sphenoid in the parie- 
tal vertebra, or to the bodj or centrum in tho atlas, dentata, or any other 
oi the vertebral segments of the skeleton, its serial homology is indi- ' 
cated : when the essential correii)ondence of the basilar process of the 
occipital bone in Man with the distinct bone called " busi-occipitid " 
in a CnxxHUliB or F!«h Is shown, its special iKMnology is determined. I 



LECTURE III. 

THB VEBTBBBA^ AND VERTEBRAL COLUMN IN FISHES, 

To understand the fnndametttal type of the Tertebrate skeleton its 
study must be commenced, not in the highest species, — not in that 
skeleton where irrelative repetition is least, and where modification 
of each part in mutiial subsenriency to another is greatest, — but in 
the lowest Class where, conformably with the law enunciated in the 
previous Course *, vegetative uniformitf most prevails, and the pri- 
mitive type is least obscured by teleological adaptations. 

Such conditions are best displayed in the skeletons of fishes : fishes 
fonn, however, but one branch of the vertebrate stem, which, like 
other primary branches, ramifies in diverging from the common 
trunk. We should miss our aim, therefore, and be led astray from 
the detection of the true general type of the vertebrate skeleton, 
were we to confine our observations to fishes only. A comparison of 
their skeletons with those of th<' higher classes teaches that the na- 
tural arrangenient/i of tiic parts of the en do- (skeleton in Vei*tebrata, 
like that of the exo-skeleton in Artieidata, is in a Beries of segments 
8ucx;eeding each other in the ax.ii» of the body. I do not find these 
successive segments composed of precisely the same numb« r of bones 
in all Vertebrata : rar ly, indeed, in the same aiaiiial. Yet certain 
constituent parts of eacli iicgment do preserve such constancy in their 
existence, relative position, and oflices throughout the bodj, as to 
enforce a conviction that they are homologous parts, both in the con- 
secutive series of the same individual skeleton, and throughout the 
entire series of vertebrate animals. 

* Lfoturw on Intcrtcbnta, 8vik 1843, p. S64. 
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To each ol" thcst^ primary segments of the skeleton I shall, with 
Geoflroy St. llilaire (xiv. ii.), apply the term "'vertebra**: the 
word may seem to tlie anthropotomist to be used in a ditlbrcnt or 
more extended sense than it is usually understood ; yet he is 
himself, imeonscionsly perhaps, in the hidrit of indudiag in eertain 
vertebro of the human body, elements whieh he exdndas from the 
Idea in other natural segments of the same kind ; infloenced by dif* 
ferences of proportion and ooalescenoe^ which are the most wialde 
characters of a bone. Thus the rib of a cervical vertebra is the « pro- 
cessus transversns perforatos," or the radix anticns processus tnns- 
▼ersi Tertebre colli : ** whilst in the chest, it is ** oosta,** or *' panossea 
eoste." (xm. 239. 260.) But the ulna is not the less an ulna in the 
horse, because it is smiUl and anchyloeed to the radius. 

The osteology of Man, therefore, cannot be fully or rightly under^ 
stood until the type of which it is n modification is known, and the 
first step to this knowledge is the determination of the vertebral 
segments, or natural groups of bones, of which the myelenoephalous 
skeleton consists. 

I define n vertebi-a, as one of t/iosr segtnents of the cndo-shleton 
which constitute the a vis of the body, and the protecting canals of the 
nervous and vascular trunhs siu li a segment may also suj)port r/i- 
vergitKi appendages. Exeluoivc of those, it coiisititis in its typical 
completunebi^ of the following parts or elements ; — 
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r. A body or ery}frfffn. * _ 
n. Two neurapophyscs. \ 
p. Two parapophyses. % diapcrhysis o«i»ro*f* 

pL Two pleHtapophyses. § 
A. Two hamapophyscs. || 
ns. A neural spine. ^ 
hi, A haemal jptite. ** 




• Greek, kentron, centre. Syii. Coryu* rrrtebnp*, Corpn tie vtrtt-hrtf Cuvtcr ; 
TbfMir-inrM^ Ckru* ; PPirW-AiJ^pw, Gemuin*; Cyclcaly Geoflroy; Cydo'MHthntt 

ekmriit, Crnnt. 

f Gr. neuronf nerve ; and apophjfgiSf a procew of bone. Syn. ^reut posterior 
rftfefew, •» rttdktft aram potleriorit. Dtekphtlm and QrtmdfliMm, Cunt. itep O ' 

si Ucke iie» Ruckenwirbeh, 0».n\s. Oh n JfirLdbogem, Cvrau Pntie amntlatri^ Cut. 
Perial, Gcof. Peri-rertel/rat elemenU, Grant. 

I Gr. parUf trans, across; and apophytia. Syn. Radix prittsmtMtha 



* The Latin synonytns are Irom Socmmerriog'a CbMakal Anthvopotomy* D« 

corporis liiimani fabricA," 17P4. 

* The Gerroan synonyms are those of John MuUer, Wagner, and mottt Gemum 
Zoolomiati* unleai otherwita qieriflad. 
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These, bdng usaallj developed from distinct and independent 
centres, I have termed " nntogenona elements (ziz. p. 618.). Other 
partsy more properly called pvoceseei^ which shoot out as oontinn- 
atloni from some of the preceding elements, aie tenned " exogenous :** 
e»g, {t) the diapophyses^ or upper transverse piocessef^*** and («) 
the a^gapophjses, or the "obliqne" or "articular processes 
human anatomy. 

The autogenous processes generally circumscribe holes about tlie 
centrum, which, in the chain of vertebrro, form canals. The 
most con<ttnnt and extensive canal is that {/ig. 8. n) \ formed 
above the centrum, for the lodgment of the trunk of the ner- 
vous system (neural axis) by the parts thence termed " neurapo- 
physes." The seonnrl canal {Ji(/. B. /')|^, below the centrum, is in its 
entire extent more irregular and interrupted ; it lodL'es the central 
organ uiui larj[re trunkH of the vascular system (haemal axis), and is 
usually formed by the laminiB, thence termed " hapmajjophyses." At 
the sides of the centrum, mo^t comnionly in the cervical region, a 
canal {Jig. 9. o) is circumscribed by the pleurapophysis or costal 
process (ib. pi), and by the diapopbysis or upper trans\ erse process 
(ib. i\ which caual includes a vessel, and often also a nerve. 

Thus a typical or perfect vertebra, with all its elements, presents 
four canals or perfinaMons about a ccmimon centre ; such a vertebra 
we And in the thorax of man, and most of the higher dasses of Ver- 
tebrata {Jtg, 6.), also in the neck of many birds. In the example 
from the latter class (Jig. 9.\ the hftmapophyses (A, $) are anchy- 

i mrnwrA vtrtAtmt Qmerfbf^aitf Cann ; Ukitn Qmrfbnaig, Oemi. ; Apoflk^ tttm*-' 

9tr$e, Cuv. ; Paraal, Geof. ; ParO'Vertebral dement; Grant. 

§ Gr. pkmfUf a rib i and apcphjfnt* Syn. /VoemtM tranvaertut verUbrit cervicaU; 
Cbtte OTtf, pan ««rirfiraKt, MM otP«H coite. RmekmAtU and Oifr-ilent«MctY du 
UrwirhtlhoijfHM, Cnvmi GMw «wlAf«fe», Out*; JRmMtf>Oc<^. ; Cata-vtrtttni ^ 

ment*. Grant. 

II By Syncope fm bamatoapophyses, from Gr. hatma, blood; and apophytit. 
Syn. Cartilaijn cnstce, seu pars xtrr/ntfig cngttt : in the afxloinni, Inscrijithmrs ttrndinett 
antacaA' recti • linter-ttenuil-theil det Urwirbelbo^eru, Caruf ; BotfenttUcke dc* Bamch^ 
wirhd, Carus ; Untert Wht^Ro^ei; Ger. ; CSte$ wttnmktt Cut. ; 0« ployi e» tknren, 
Cuv. f^atoal, Geof. ; Cata-verttbral thjnenfs. Grant. 

\ Syn. J*roeu$m tphumu wrMnrtt. Its itme is t lie Oberer Teriiar-wirbeU Cartia; 
its apex b tb« Ofttrrr Dom-fanetXt Carus ; Apophyse cpineuse^ Cuv. ; EpitU, Geof. ; 
£pi-v«riebrcd element*. Grant 

** Sjn. Oua tterni et prvee$t»$ tiui/ormi$ j iu the abdomen, **liiua oZbo." Stemai' 
virM KSrptTf Cann ; (httrtr Dam^bneitMt Cams. 



* Diapophyai$t from Gr. A'oi UwoMt aefOM; and afophynt. Syn. Radix poatitmg 
proee$$u» trantverti vertebra, and proceuut traiutienmg, Que/onatz, Carus { Oben 
Quer/br$atz, Germ. ; Apophyse tranwcerse, Cuv. 

t ^fgnpophijsi$, from Gr. zvgoa, junction ; and apophyexB. Syn. Procestue oNiquwt 
vertebra^ ; Stulicker IVrttar-wirbetp Cania; Gtlenk'fonaU, Germ, j Apaphjftt arttCH" 
laire, Cuvier. 

t ffTiiawarii Iwairf, Cania, ft AortMtaiml, Cwu, 
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losed to the nnder part of the centrum, to whirli part they arc 
moveably urticulated Id the tails of most roptiU's and mammals ; spaee 

beiii;,' iit'cth-d only for the protection of the ea- 
rotids in the one case, and for the caudal artery 
and vein in the otluir. In the chest, where the 
central organ of circulation is to be lodged, an 
expansion of the ha mal arch takes place, analo- 
gous to that which the neural arches of the 
cranial vertebras present fof the lodgment of tho 
bnuiL AoooHinglj in the th<»«x, the pleura- 
f«mS;S'ou?;u^. popliyBes {Jiy. (i. pi) aie much elongated, and 

the hsmapophyses (Jig. 6. A) are remoTod from 
the centrum, and are articulated to the distant ends of the pleura- 
pophyses ; the bony hoop being completed by the intercalation of 
the hnmal spine (Jig, 6. hi) between the ends of the hsemapo- 
physes. And this spine is here sometimes as widely expanded (in 
the thorax of Birds and Chelonians, for example) as is the neural 
spine (parietal bone or bones) of the middle cranial yertebra in 
Mammals. In 1>oth cases, also, it may be developed fi om two lateral 
halves, and a bony intermuscular crust may be extended from the 
mid-line, as in the skull of the Uyaana, and the breast bone of the 
llawk. 

The vertebra^ of the trunk |)resent essentially their most simple, 
though often apparently the most complete, condition in Fislies, in 
which class a typical vertebra can only be obtainecl from the head ; 
in the rest of the column, the ha;mapoidiyses, for example, are always 
absent or unossified. It is by no means true that the several elements 
(>f a vertebra are found most isolated and distinct in the lowest classes ; 
the neura])ophyses are commonly anchylosed to the centrum in fishes, 
but commonly remain isolated and distinct in reptiles ; the ha;mal 
canal is formed by modified parapophyses in fishes, but by isolated 
and distinct hnmapophyses oo-^sting with transverse processes 
in reptiles and mammals. 

The number of vertebne^ or at least of neural arches, is governed 
by the number of segments of the cerebro-spinal axis. These 
segments in the spinal chord are chiefly indicated by the pairs of 
spinal nerves. In the brain, the centres are more definitely indi- 
cated by the ganglionic form under which they first make their 
appearance; but here, by the superaddition of fasciculi of nerve- 
fibres for the special fimctions of the brain, the origins of essentiaUy 
single nerves become separated, and the motor roots divided from the 
sensitive, as we see in the nerves of the eyeball. Hence, the cranial 
vertebra do not correspond with the number of seemingly distinct 
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cranial nerves; and they undergo, in their neural nrclios, as extreme 
mmlificntions as we perceive in the haauul purtiuuji oi' those vertebriu 
that protect the great centres of the, vascular system. We may 
learn bow much the devdopment of the neurapophyaes and Tertebral 
bodiea depends^ in the tmnky upon the oonjnnctioB of nerves with Ihe 
spinal chord, by the fact that, in the regenerated tails of lisards, the 
vertebral axis remains continnous and unjointed, becaase there is no 
co-extensive spinal chord giving off pairs of nerves. 

An extremdy delicate flbroas band, with successively accumulated 
gelatinous cells, compacted in the form of a cylindrical column, and 
inclosed by a membranous sheath, is the primitive basis, called 
* chorda dorsalis,' in and around which are developed the cartila- 
ginous or osseous dements, by which the vertebral column is estab- 
lished in every djuB o( M$felencephaia (ni. p. 340.). 

The earlier stages of vertebral development arc pomanently re- 
presented, with individual peculiarities superinduced, in tlM- lower 
forms of thn class of fishes. In the anencephalous Lancelet {liran- 
chiostomn) the lowest of all, the entire vertebral column consists of 
the gelatino-cellular ehurd and its meinl)ranous sheath. In the 
Lamprey cartilajrinous arches and spines are a<M« «l ab<)\ e the elionla 
dorsalif, in the membranous wall oi" the neural canal, and in the tail, 
ali*o beneath it. In the Sturgeon an<l Chimasra, the bases of the 
cartilaginous arches inclose the ' eiiorda.' In the l^e])i<losii-en the 
neural and ha'mal arehes ami their spines are orisilicd, bui ilie 
centrums are still conllueut as a dorsal membrano-gelatinous chord. 
In many Sharks and Says the * chorda' is encroached upon by 
osseous or cartilaginous convergent lamin», and by concentric, 
successively shorter, centripetally dc\ eloped cylinders, and is thus 
reduced to a string of gelatinous beads, each bead occupying 
the interspace between the opposed concave surfaces of the ver- 
tebral bodies. This moniliform state of the chorda dorsalis is 
persistent in most osseous fishes, the biconcave bodies of the ver- 
tebne being perforated in the centre ; whilst, in some other osseous 
fishes^ the gelatinous bioonical segments of the 'chorda' arc insulated 
by the completed centripetal progress of ossification $ and in one ex- 
<;cption {JLeptdosteus)y they are converted into osseous balls, fixed to 
the fore part of each vertebral body, which plays in the concavity or 
cup of the next vertebra in advance. 

The neural and haemal arches and spines are 1>()ny in all osseous 
fisho?*; and in all fij<hes chondrification and ossilicutiun of the ver- 
tebral column commences in these arches. In reptiles, birds, and 
mammals, the vcrtebrre are bony throughout. 

Development diverges from the membrano-gelatinous stage, so as 
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to establish three types of vertebraj, which may be characterised by 
the form of the articular ends of the centrum, the " bicoucuvc, " 
the "concavo-convex," and the "flattened" types, rcspcetivelj dis- 
tinguishin<,% iid a general rule, Fishes, air-breathijQg Ovipara, and 
Mauunals. 

The least perfect fonn of a Tertebra is that in fishes, though it 
oflen seems the most oomplcx, firom the intmalatieo of bones of the 
dermal system^ and GeoSroj (ii. p. 119.)* was unfortunate in 
taking a fish*s Terteb^^ with this eztriasie eomplieation, as the 
perfect tjrpe of that primary segment of the myelencephalons she* 
letoD. Two of the autogenous elements^ the iiMnapophysesy** for 
example^ are not dereloped till we reach the Beptilia : in fishes thej 
are represented by the parapophyses" or lower transTerse pro* 
cesses. 

Before entering^ howerer, upon the specffl osteology of the class 
Piteetf it will be necessary to explain the sense in which the terms of 

g^ups or divisions of the class are used in these Lectures, in reference 
to tlieir anatomical characters. Cuvier (xxiv. ii. p. 128.) primarily 
divides the class, according to the nature of their endo-ekeleton, into 
Pisces osseij and Pisces cartilaginei ; but the latter group includes 

species of widely different tirades of orgaiiis^ation, and in the " Tables 
of Classification'* exhibited in niy tirst course of Lectures iu this 
Theatre in 1837, 1 separated tlie Lampreys, Myxiuoids, and Lancelets, 
under the name " Dcrnioptt riy" from the rest of the Chondropfcri^tfii 
of Cuvier, making these the highest, and thoBe tlie lowest grd* of 
fishes, t 

M. Agasdiz, with views cnlai^ied by a survey of the extinct 
members of the elas;?, divided the IHsceSj by characters taken from 
the exo-fckeleton, into four primary groups ; viz. J*lacoidei, Ganoideif 
Cycloideif and Ctenoid^ 

The fishes of the Mtteoid order are characterised by having the 
skin covered irregulai-Iy with plates of hard osseous matter, some* 
times of large size, and sometimes reduced to small points, as where 
they form the shagreen on the skin of many sharks and the prickly 
tubercles on the skin of most rays. This order oomprehands all the 

* This ingenioHs anatomist was thus driven to M tfbitrary asnimptiMi* of mil- 
tntlons of place, and to as far>fetcbed analogies in rererence to tlic supposed ele- 
mentary parts of the vertetMrK, in his attempt to exemplify the homologies of the 
cepbaltc division of the endo-skeleton of the higher VcrtebratAi by the combined 
bonei of th« ezo- and endo-tkaletont which oonstitute the complM akuU is 
Fishes. 

t The distinguished naturalist, C. L. Bonaparte, Prince of Caoino^ has also 
founded a distinct order for the Cyclostomous Chondropterygians of Cuvier, under 
tlie Ww» of ** Mampo^branchii," which well applies to the I^ampreys and Mjxi^ 
noida.^ Sehehenm Thbtda An^tfUm, 1838. 
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cartila[;iaou3 fishes of Cuvier, except the Sturgeons and Chimeric 
{Siuriouiefis). It is as ncccjjsary, however, for the expression of 
general anatomical propositions, to separate the Dermopttri from the 
Haeoidei of Agassis as from the Chondropterygii of Cuvier ; and 
it is with this restriction that the Placoids will he referred to 
in these Lectures^ as answering namely to the PhgiostomeB of 
Cuvier. 

The Ganoid fishes are defended hj plates or scales covered with a 
thick coat of enamel ; some of considerable dimensions and irr^ular 
form, as in the Stuigeon ; more commoiilj angular and imhricated, as 
in the Bony Pike {Lepido^u»), Most of the species and genera of 
this order have become extinct. The recent species included in it 
by Agassiz differ materially in their anatomical characters* 

The Cteiund fishes have scales formed of laminae of horn, or of un- 
enameUed bone, with the posterior margin pectinated, like a comb ; 
e. g.y the Perch, and most of the Acanthopterygii of Cuvier, 

The Cycloid fishes have their scales composed of lamina) of horn 
or iinenamellcd bono, of a rounded form, with smooth and j»impIo 
margins. The Carp, the S;ilmon, the Herring, and many other J/a- 
lacoptcryyii of Cuvier, are examples of this order. 

Linmeus divided the bony fishes into the orders JugulareSy Tho- 
racici, Abdominalvs, and Apodes^ according to the position or the 
absence of the ventral fins. Cuvier divided the bony li»hes, ac- 
cording to the structure of the fins, into Acanthopterygii and 
Malacopterygiu Not many general anatomical propositions, how- 
ever, can be expressed with regard to these orders. A more natu- 
ral arrangement has been founded upon a consideration of both 
external and internal anatomical characters by Prof. J. MiiUer 
(xxv.), which, with some modifications, I here adopt \ arranging the 
cUiss of Fishes, as foUowSy in the ascending series ; — 

*Cla88I8 PISCEa 

Ordo I. DKBHOpTKm. 

Endo-skeleton uaossified; «xo-skeleton and vertioal fins muco- 
dermoid ; vermiform, or abrachial and apodal ; no pancreas ; no air^ 
bladder. 

Suborder I. PHARYNQOBXAyciiii, sen Cirrhostomi, 
Gills firee» pharyngeal, inoperenlate ; no heart. 

Earn. Amphiomda, Example % Lancelot. 

* TheM «r» cited under their ootDmon English Mmee, where tucb eiiato. 
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Siil>()i(lcT 2. MARsii'onit.iscHii { Ct/clostomi^ Curier). 

Gills fixed, biirsif<»rni, iiiop rculatc, receiving tlic n':!i)irat<iry 
streams by apertures usually uumeruus and lateral, distinct from the 
mouth ; a heart. 

Fam. Myxinoideiy Examples, Myxitie, or Hag. 
fetromyzontidcEy , Lamprey. 

Ordo II. Malacoptem {Jiii/soatomi^ MUUer). 

Krulo-skeleton ossified ; cxo-skck'ton, in mo«t, n« eyeloid, in a few 
us fjarioid, scale* ; fins supported by rays, all, save the first sometimes 
in the dorsal and peetoraU soft or jointed : abdominal or apodal; gills 
free, operculate ; a swim-bladder and air-duct. 



Suborder 1. Apodss, 


Fam. SymbranchitUe, 


Example, Cuehia. 


AluranidfCy 


Eel. 


Gymnotidw, 


Gymuotus. 


Suborder 2. 


ABDOmifALtSS* 


Fam. HHeropyyiit 


Example^ Amblyopsu. 




Herring. 




Salmon. 


SeopeUtUe, 


Sauru8< 


Charaeinif 


Myletefc 


GalaxidcBy 


Galaxias. 


EtocidcCj 


Pike. 


Mormyrida, 


Mormyros. 


Cyprinodontidaej 


Umber, 


Cyprinidte, 


Carp. 


SUutida, 


Sheat-fish. 



Ordo III. Pbartnoogkathi (Miiller). 

Endo-gkeleton ossified ; exo-skeleton in some as cjdoid, in others 
as ctenoid, scales; inferior pharyngeal bones coalesced ; swimpbladder 
without duct. 

Suborder 1. MdLAcorrEHYon, * 
Fam. Seomher-evHsidtet Example, Saury-pike. 

Suborder 2. Acasthoptbrygit. 

Fam. Chromidfp, Example, Chromis. 

C'frhi- L(ihrida\ Wrasse. 

C teno' habridte, PomacentruS. 
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Ordo IV. Anacantuini (Muller). 

£ndo-fikeletoii ossified s exo-ski leton In some as cycloid, in others as 
ctoioid scales ; fins supported hj flexible or jointed rays ; ventnls 
beneath the pectorals, or none; ewim-bladder without air-dact 

Suborder 1. Arnnrs. 
Fam. OphididtBy Bxample^ Ophidium. 

Suborder 2. Tboracici, 

FanL {yadStcfa, Example, Cod. 

PEmroNMlidbr, Flaiee. 

Ordo y. AoAirrBOPTBBi (Hdller). 

Krulo-skcktoii o*J!*ifiud ; exo-skeleton as ctenoid scales; fins with 
on( <ii more of the first rays unjointed or infiexiblo spiiu-s ; ventrals 
in ino^t bcjicath or in advance of the pectorals } swim-bladder with- 
out air-duct. . 

Fam. Percidm^ Example, Perch. 

Sdttogmwitc^ Gurnard. 

SciankUe, Maigre. 

LabyrinthibmncbUf Anabaa. 

MugiUclcp, Mullet, 

NotttcanthuhSy Notacanth, 

Scomhrritkej Mackerel. 

SqumnipenneSf Cliietodon. 

TieHwuiei, Hi))!ind-fislj. 

Theuti/idfPy Aeaiithurus, or I.ancct-Ush, 

FutularuUe^ Tipe-mouth- and Snipe-lish. 

GobiithPf G(jl)y, Rcmoni, and Lumpiish. 

Blenniideef Bleniiy uud Wolf-fish. 

Loiihiida, Angler. 

Ordo VL — PLECToaNATBi (Cuvier). 

Endo«skeleton partially osnfied ; exo-skeleton as ganoid scales or 
spines; maTiHaries and pre-maxiUaries fixed together ; swim-bladder 
withoat air-dnct. 

Fam. Bulistin<By Example, > ilt-libh. 

Ostraciones^ Trunk-fitsh. 
GyimiodonteSi Globe-fish. 

VOL. U. B 
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Ordo VII.^LoPBOB]iA2rCHU (Cuvier). 

Endo-skclcton partially ossilicd ; cx.o-skelctun ganoid ; gills tufted, 
opercular aperture small ; swim-bladder without air-duct. 

Fam. Hipporampid^ Example, Sea-horse. 
Sjfngnathida^ Pipe-fish. 



Ordo VIIL~Ganou>£I.* 

Endo-BkcleUm in some oeseoiiB, in aome cartilaginous, in some partly 
osseous partlj cartilaginous ; exo-skeleton ganoid $ 6ns usually with 
the first raj a strong spine \ a swim-bladder and air-duct 

iW Sakimandr^ridei, Example, JLei.id«to»^ 

I irolyptems. 

PycnodonUdtB, P^cnodos. 

Lepidoidei, Dapedias. 

Aean^odei, Acanthodes. 
D^fierUke, Dipteros. 
Cephaltupida, Cephalaspis. 



Ordo IX. — FROXOrrsBi. 

Endo^skeleton partly osseous partly cartilaginous ; exo*8keleton as 
cydoid scales; pectorals and Yratrals as flexible filaments; gills 
filamentaiy, free ; no pancreas ; swim-bladder as a double lung, with 
an air-duct ; intestine with a spiral Talve. 

Fam. Hirenoideif Example, Lepiflosiren. 



Ordu X. — HoLOCEPiULL 

Endo-ekeleton eartila^ous; exo-skeleton as placoid granules; 
moat of the fins with a strong spine for the first ray, vcntrals abdo- 
minal ; gills laminated, attached by their margins $ a single external 
gill aperture ; no swim-bladder ; intestine with spiral Talve. Co- 
pula gaudenL 

* I u»c this ordinal term of M. AgM»if in the bcosc ia wbieli it ia restrieted 
by Pnfimor J. Miillcr. 
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Fam. Chifmeroidei, Example^ Chinuera. 

EdaphodonMB, fBdaphodon. 

iFiwsalodon. 

Ordo XL — Flagiostoui. 

Eodo-akeletoii cartilaginoiu or partially ossified ; exo-skeleton pla- 
ooid ; gUls fixed with flye or more gill-apertures; no Rwim-bladder ; 
scapular arch detached from the head ; ventrals abdominal ; intestine 
with q»iral Talve. Copula gaudmL 



Fam. Ili/bodontida;^ 
Cestra c iont idtc, 
Notodanida, 
SpifUtcidiBf 
ScylliidtBj 
NieiUante$f 
LanmitUe, 

SeymnikUe, 

Sguaiaue, 

Zyganida, 

RhmobaHda, 
TorpedimdiB, 



Tri/gonidcp^ 

Mt/liobfitidce, 

CephalopteritUBf 



IniMr li^r 

Out«r iMjer 
ofSbroot captule. 



Example, Ilybodus. 

Cestracion. 

Gray-shark. 

Pikctl Dug-li>h. 

Spotted Do«j-li4>l». 

Tope. 

Porbeagle. 

Fox-shark. 

Greenland-shark. 

Monk-fish. 

Hammerhead-shark. 

Saw-fish. 

Bhinobates. 

Electric-ray; 

Bay or Skate. 

Sting-ray or Fireflaire. 

Eagle -ray. 

Cephaloptera. 



MMiralcaiMl. 



Fibrooi tend, 
OdittnotM chorda 




Tran»verfe rertlcal jectiun of vertrliral colmim of ytyxine. 

In the Myxinoid fishes the neural and haemal canals are formed 
by a separation of the layers of the ontt r division of tlie fibro-niem- 
branous sheatli of the gelatinous chorda (_//>/. 10.); the neural canal 
extending the whole length of the upper part of the cliorda, the 
h.Tmal canal being confined to the caudal region, where it contains the 
prolongation of the aorta and the vena cava (xxi. p. 2.').). In the 
Lamprey {Petromt/zou) cartihiginous laminie {Ji(J' H. w) are de- 
veloped in the fibrou.s sheath (f), and give the first indication of neural 

arches. We should hardly expect to find the unity of the vertebral 

X 2 
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type to be farther ezemplifled at this low step in the aeries, bot rather 
be prepared for a divergence into Individual peculiarities ; and thia 
is iUnstrated by the complex development of the Tisceral arches for 

the support of the heart and gill^, which are homologous to the 
brancUal arches in hip^hcr fishes. Yet the anal<^ of these parts in 
the Lamprey, which Miiller has termed the cartilaginous basket of 
the branchin (zxi. p. 254.) to the modifications of the plcurapophjrseSy 

haemapophyses and their spines, constituting the ribs and sternum in 
the air-breathing Vertebrates, is so close that we may bo justified in 
describing them in connexion with the vertebral column. 




For* part of akekMm, Lanprej (Fefr«MyM«). 



Seven cartilaginous processes, analogous to pleurapophysea^ but 
homokgous with epibranchials {Jig. 11* 48, 4»\ came off from a car* 
tilaginous tract on both sides of the chorda dorsalis, one below each al« 
temate neurapophysis (ib» n) : after a short oonrse outwards and down- 
wards the process divides into three branches, one passing forwards^ 
one backwards, and the intermediate process (oerato-branehial, A7\ or 
continuation of the quasi-rib, downwards : the anterior and posterior 
processes of oonUguous ribs coalesce and form arches above the 
branchial apertures (i, 3, to 7), which are circumscribed by similar 
arches^ formed below by analogous branches there given off from the 
oerato-branchial ; this then descends, bends inwards, dilates, and is 
perforated ; then contracts and joins a broad and long cartilaginous 
hjpo-branchial (45), or quasi-stemum, typifying by its double row 
of perforations that complex bone in birds. The anterior branches 
of the first cerato-branchial unite to form a vertical arch, convex for- 
wards ; the posterior pair (47') expand an<l unite to form the per- 
forated cartilaginous case, lined by the pericardium, wliich contains 
the heart : pursuing the analogy of this complex cartilaginous 
branchial and cardiac skeleton with the thorax of higher Vcrtebrata, 
we might regard the po.-^tcrior processes of the ribs as foreshadowing 
the costal aj)peiulages of birds. Homologieally, the entire apparatus 
answers to the branchial skeleton of higher fishes, a part which 
Geolfroy St. llilairc regards us a re[>etition of the thorax of air- 
breathiog Vertebrata, but which the metamorphoses of the Batrachia 
prove to be a development of the visceral skeleton in immediate con- 
nexion with the byddean arch. 
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Betnraing, then, to what mtj be called the high road of vertebral 
devdopmenty we find in the Sturgeons {Siuno, P^odtm), tiiat tiie 
inner lajer of the fibrous capsule of the gehttinons * chorda' has in- 
creased in thickness, and assumed the texture of tough hyaline car- 
tilage. In the outer Utyer are developed distinct, firm, and opaque 
cartilages^ the neurapophyses, which, in the young sturgeon (/S^. 12.), 
are two superimposed pieces on each sid^ the basal portion bounding 
the neural canal, the apical portion the parallel canal filled by fibrous 
elastic ligament and adipose tissue * ; above this is the single car- 
tilaginous neural spine. The parapophyscs are now distinctly de- 
veloped, and joined tojTcther by a continuous expanded base, forming 
an inverted arch beneath the * chorda ' for the vascular trunks, even in 

FllinMdi|K)M 

canal* — rr|r— / Meurapaphjrii. 

Ncorat «aBa). _/ I \ latMroenral cmOas*. 
aelatJaottt chotda. ' 

Inner laycr--\r ( ) l nPrnnmOfthntt. 
of titiruiu captule «bN-->>4r-- IntornMBll cwIUm** 
aa bjalliw cattlkca. ^Sy^x^ 

^^m^\ Hrnmj*! canal. 

Abdominal VMtebrik, s.nrgcou. 

the abdomen. Short and simple pleurapophyses are articulated by 
ligament to the ends of the laterally projecting parapophyscs in the 
first twelve or twenty abdominal vertebra' ; tlie parapophyses them- 
selves gradually disappear, or bend down to form luenial arches in the 
tail, at the end of which we find haemal cartilaginous spine;5 cor- 
responding t-j neural spines above. The first five or six neural 
arche? fire < unlluent with eacli other in the sturgeon, and, with the 
parapophyscs, enclose the fore part of the * chorda' in a firm, con- 
tinuous, cartilagiiiuu.-* i^heath, perforated for the exit of the nerves. 
The tapering anterior end of the 'chorda' is continued forwards 
into the basal elements ui the cranial vertebraj. 

Vegetative repetition of perivertebral parts not only manifests 
itself in the double ncurapophy.His on each side, but in a small 
accessary (interneural) cartilage, at the fore and back part of the 
base of the neurapophysis ; and by a similar (interluemal) one at the 
fore and back part of most of the parapophyses. The peripheral 
cartilages are more feebly developed in the Polyadon, -j- 

* I long ago pointed out, in a preparation of Hunter's ( No. 234. ), the ** spaMaboTtt 
the canal of tl)f spiiuil chord formed by the divarication of the cartilaginous pieces 
which cooslitutu tlii: support of the spinous processes of thevcrtebrok Thuis Ailed 
by fibro'cartilaginous substance, connecting the processes in qucrtion.* (xx. ^1. L) 

t CavicTt Mimoirea du Mua^anit tom. i. I8l5t p> 130. 
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In tlio .^outlu rn Cbimtera {Callorhynchwt} a greater proportion of 
the chorda dorsalis is compoaed of the dense fibrous capsule, but it 
shows no trace of annular structure. In the northern Chinuenit 
according to Miiller (xxi. p. 68.), another stage towards the forma- 
tion of vertebral bodies begins to manifest itself by slender sub- 
ossified rings in the cartilaginous sheath of the chorda dorsalis, 
which, however, are more numerous than the neural arches. The 
neiirajxjphyses and the bases of the transverse processes of about ten 
of the anterior vertebrai coalesce, in all the Chimrrra?, to form a 
continuous acccsf-ary covering of the fore ])art of the ehorda ; an<l 
the contlueut neural .spines here fonn a broad and high compressed 
cartilaginous plate. In tlie reniainder of the verf' bral cobnun tlie 
neural arches are distinct from the transverse processes ( pai apophyscs), 
and lium the Iiainal arche*, which these constitute in the tail. 
Between each neurupophysis an accessary cartilaginous interneura- 
pophysis* is wedged. 

Amongst the Sharks (SqualicUe) a beautiful j)rogres8ion in the 
further development of a vertebra has been traced out, chiefly 
by J. MUUer (zzi. p. 64.). In M^tanehui (Sgmtlut duereus) the 
vertebral centres are still feebly and vegetativdy marked out by 
numerous slender rings of hard cartihige in the capsule, the number 
of vertebras being more definitively indicated by the aeurapophyses 
and parapophyses $ but these remain cartilaginous. Intemeuna 
pieces are wedged between the neural arches, and dose them above ; 
the pleurapophyses are simihu-ly wedged into the interspaces of the 
parapopliyaes, and articulate directly with the vertebral bodies.! ^ 
the Fiked Dog-fish (AcoMiaa) the vertebral centres coiadde in 
number with the neural arches, and are defined by a thin layer of 
bone, which forms the conical cavity at each end, but the i«st of the 
vertebra remains cartilaginous. In the Spotted Dog-fish (Se^Kum) 
the whole exterior of the centrum is covered by soft cartilage, except 
at the ronrave ends, where the two thin funnel-shaped plates of os- 
seous matter coalesce at tlieir perforated apices, and form a basis of the 
vertebral body like an hour-glass; the series of these centrums 
protecting a continuous moniliform chorda dorsalis. In the great 
Basking Shark {Selache) the vertebral bodies are chiefly cstabli^ed 
by the terminal bony cones, the thick margins of which give 
attaohmeut to the ela.'itic capsules contairiin'j the fluid remains 
of the gelatinous chorda, which now tenaely fills the interver- 

* " O^m intercalaria cmnm," ** Lamimtt titlcrmmi/rf"(Mal1«r>. 

t traces of the vt^elativo rtpt titicn of rerttbral tknunits may be sctn In the 
higher ■niiMb: tbe interparietal hoiw of the UodcnU is the • os iutercdAre suioaU' 
"""u' vertebra, and the ossa Wormimia ii« * OMM intcnsdafii,* M 
Jolin aiuller has well remarked in his meoioir on Myxboida^ ^ M. ^ 
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tebral biconical spaces.* The rest of the oentram is strengthened bj 
a beautiful arrangement of osseous phitos, with intenrening layers 
of cartilage (Jig, 13.). Four sab-compressed conical cavities ex- 
iWi^ fr**™ the bases of the neora- 

pophyses («, n), and two from those of the 
parapophyses (p, p) towards the centre of 
the vertebral body, contracting as they pe- 
netrate it. These cavities always remain 
filled by a clear eartila^re : the central two- 
thirds of the vertebral body contain con- 
/^^MgpjP^B>^ centric and minutely perforated rings or 
-'^ewmmsBv^ cylinders of bone, interrupted by the four 

centrum of Hfiache marima. dcprcssions '. the peripheral third contains 
lonj^imditial bony lamina?, which radiate, perpendicularly to t!ie 
plane of the outermost cylinder, toward the periphery of the ver- 
tebra : these outer lamina; lie, therefore, parallel with the axis of 
the vertebra, and the interveninfr fissures, like those between tlie 
concentric eylimlers within, arc filled by clear cartilage, which shrinks 
and leaves them open in the dry vertebra. There is a transition from 
the cylindrical to the longitudinal lamellar structure ; the outer 
cylinder being broken up, and sending out processes which join the 
irregular inner edges of the outer lamelhe. 

There are few examples in the animal economy in which the 
smallest possible quantity of earthy matter is arranged according to 
sach beantifiil and clearly manifested mechanical principles, for 
affording the greatest amount of strength, and that degree of resistance 
which the necessarily light, semi-osslfled vertebra of a gigantic Shaik, 
maintaining itself near the snrfaoe by muscolar exertion, without 
help from a swim-bladder, most have to sustain during the vigorous 
inflexions of the vertebral column, producing the violent compressions 
of their interposed elastic balls. 

I have been induced to enter into the details of the condition of 
the vertebrsB of the Selache, both on account of the large scale on which 
the beautiful structure is shown, and because of the meagre notice of it 
in Home's Anatomy of the Basking ^h&r\i{Squahis maaeimutf),'* of 
which John Miiller justly complains. Miiller's inference that the 
vertebne of Selache resemble those of Lamna is correct : but in 
Lamna comubica the outer longitudinal plates are fewer, and are 
bent so as to intercept long elliptical spaces filled with cartilage. 

• Mr. Cfift found, on piurcing the capsule with a knife, that the contained fluid 
WAS spirted out to a considerable distance, by the contraction or recoil of the ' 
filled ela-stic bag. Si o Pri p. Nos. 337 A. and S37 a. and zx. vol. i. 183S. 

t Phil. Trans. IHW, p. 177. 
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Ciivicr appears to have oyerlooked the peripheral kHUgitadinal 
lameils: he says, " dans certains grands aqoalea, le nuixmuu, par ex- 
empli ce aont des lames cylindriqueSy tontes conccntriques, toutea 
sdpar^es par des couches d'un cartilage tendie," he. {Lemons d'AnaL 
Comp. 1835, i. p. 127.) Our compilers have copied this description, 
anfl, as iisiml, have applied it to the vertebrse of Fishes in general. 
In the S(iuntiT]n, the part of the vertebral body included by the ter- 
minal cones i>, indeed, composed of concentric lnycrs, dccreasin;:: in 
breadth as they approach the centre; but, in the Cestracion, tin il 
are no concentric hiyers, but only longitudinal lam»'ll:B, radiating 
from the centre to the cireuraferonce, and giving oil short lateral 
plates as they diverge : the most coniinon disposition of the osseous 
matter in the vertebral bodies of the i'lagiostomes is a combination 
of longitudinal and cylindrical plates, as in the Selache. 

In the Tope ( Galeus commutm)y as well as iji most Sharks which 
possess the nictitating eyelid, may be seen the highest stage of Ter- 
tehral ossificatioii in the Chondropterygian Fiahes: the external 
surface^ aa well as the terminal ooneaTities, of the oentmm, are 
covered hj a smooth osseous crust, except at the openings of the 
four conical cavitiea, which, as in Sehichei eorrespoiid with the 
hases of the nenr- and par-apophyses. In moat Sharks the principle 
of vegetatiTe repetition is manifested in the numerous centres of os* 
sification in the cartikginoua neural and htemal arches : four stdlate 
points, for ezamplei, represent the neurapophysis in Gakut, and as 
many smaller pmnts the neural spine : in most other Squalian genera 
the centrum supports two osseous pieces on each side of the spinal 
canal: one of these, by its position above the neural canal of the 
centrum, claims to be rt^arded as the neurapophysis ; th^ other by 
its position, usually over the intervertebral spacer and by its shape 
as an inverted cone, indicates an intercalary interneural piece. It is 
worthy of remark that the nerve-foramen is usually not a " trou de 
conjugal fon" between these cartilages, but a direct perforation of 
either the neurapophysis, or of both this and the intenieiirapophysis, 
when both roots of the spinal nerve escape sej)arately. The ribs 
(pleurapophyses) are short and simple semi-osseous styles attached to 
the ends of the parapophyses, in this skeleton of the Tope, [Prep. 
369.] along the twenty-six anterior vertebrtr, decreasing in length 
posteriorly. In the Piked Dog-fish the ribs iu*e quite cartilaginous, 
and I have counted forty pairs : in a few Sharks, as in Carcharias^ 
Ifepfanc/ius, and AhpiaSy the ribs are connected to the centrum at 
the base of the parapophyses. 

In the Monk-fish (Sguatina), a transitional form between Rays 
and Sharks, the vertebnd bodies are very numerous, and manifest ex- 
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tenmlly a tbin layer of bjaUne cartilage^ iDtemally a thin layer of 
bone, and, behreen tbeae, two alternate layers of 8emi*oB8eott8 and 
hyaline cartilagee. 

In the flat Flagioetomes (Skates, Bays, Toipedos) vegetatiTe re- 
petition manifests itself still more strongly in the multiplication of 
Tertebne^ and especially of the central elements ; which, as indicated 
by their mdimentuy primary ossification in dtmcmi and Heptan- 
ehus, are commonly more numerous than the more constant neural 
arches ; nor are interneural and interhasmal pieces altogether wanting 
in the Rays. Miiller (xxl p. 92.) rightly states that in Raia cla- 
vata these ossa intttcalaria constitute the cliief part of the neural 
arch, at the anterior part of the vertebral column ; whilst the neura- 
pophyses resume their ordinary share in its formation at the posterior 
part of the column. In the Zygcena we perceive, al.«o, interspinal 
cartilages. In Rhinobatus a single spine answers to two vert* 1>rnl 
bodiea (xxi. p. 93.), and we may well snppo'^e this nuiltiplication of 
central pieces to have been carried still fai ther iu the primffival fossil 
Ray ( Spinachorhinus) from tlie Dorsetshire Lias.* 

In the anchylosed cervical vertebi*a^ of the Skate the short cen- 
trums are indicate*! by transverse bars along the middle of the under 
part. The parajKjphyses in most Rays pass forwards, and are then bent 
backwards, the angle of one fitting, like an articuhir process, into the 
notch of the parapophysis in advance : they do not support plmra- 
pophyses ; they gradually bend down behind the pelvic arch, and 
complete the hsemal canal about six vertebra:; beyond it ; the hoimal 
spines become flattened in the tail of some Rays. 

In ibe * Pisces ossei' of the Onvierian system, which Include 
the great majority and typical members of the class, it might be ex- 
pected that ossification, of the vertebral axis at leasts would be a 
constant condition : yet I have already had occasion to aUude to a 
fish, vis. Lepidosiren, in which the embryonic state of the bodies of 
the vertebroB^ as a continuous cbondro-gdatinons chord, remains; 
although the nenr- and par^apophysea^ many cranial bonei^ and the 
maxillary, mandibular, hyoidean and scapular arches, are well ossi- 
fied. The fiut of many fossil Ganoid fishes showing the same parts 
of the skeleton petrified and undisturbed, but without a trace of the 
central elements of the vertebra^ shows that the transitional condition 
of the L^idosiien*s skeleton was not uncommon in the prim«?al 

* Sqtinhrain of Riley and Stutclibury (Gt ol. Trans. 2d Jicr. vol. v. p, pL 4.), 
r^rdcd m a fossil reptile by Dr. Grant (Lectures, Lancet, Jan. 18^4, p. 57<».) : 
170 vertebral bodies are indndcd in tbe abdominal part of the column ; and the 
part extending heyoiul tlic ])flvic nrcli, if iijual to that in most Rays, probftblj did 
not contain leas than four ttmes the above number of abdominal vertebrae. 
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members of tlio class. So far as the observations of M. Aj^assiz have 
extended, not one of the fossil fishes hitherto discovered in the Silurian 
and Devonian rocks, the most ancient in wliieh remains of that class 
have been found, manifest a vertebral centrum ; and not manj have 
shown neural and hiemal arches and spines.* 

As a rule we find that the existing bony fishes have well ossilied 
vertebra), but retain a greater proportion, than in higher classes, of 
the primitive gelatinous basis, wliich lills up tlic deep concavity of 
each articular end of the centrum {^fig. 14. c). Only in the sala- 
mandroid Lepidosteiis, with its lung-like air-bla<Uh-r, does ossification 
encroach upon these cavities, so as to render the anterior end of the 
eentrum convex, the posterior end concave {Jig. 15.), and thus anite 




the vertebni together by ball and socket joints, (zxyi. p. 59.) 
In the lest of the class, the yertebral bodies are connected together 
bj a strong elastic capsole^ attached to the border of the base of each 
terminal hollow oone^ and enclosing the gelatinons fluid, which tensely 
fills the biconcaTC space and renders the entire column light and 
elastic. 

The vertebra of a bony fish consists essentially of a bicon- 
cave body, of two neurapophyses (Jiff. 16. ») completing the canal 




AMomlnal verti?brK. ilugil. Abdominal vertebra*, like {Etojr). 

of the spinal chord, and usually supporting a spinous process (ns) ; 
of two parapophyses (/>) usually projecting from the lower part of the 
sides of the body, or bent down to form the canal for the aorta {fy, 20.) : 

* Agassis, FoiMont VoMilei du S^filtew Davonlei^ 4to. p. xxii. 
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to which are added in the ftbdominal region of most fishes two pleura* 

pophyses {pl)y or yertebral floating ribs. 

Onificatioii commences in the bases of the two neurapopbyses and 
the two parapophyses^ and in the tenninal concave pUtes of the cen- 
trum ; the intermediate part of the centrtnn is sometimes completely 
ossified, when it is filled by a coarse cancellous texture. Bfore com- 
monly a commimicating aperture is left between the two tenninal 
coneaTitiesp (as indicated by the dotted line in Jiff, 16.) $ and» in many 
cases, the platea by which calcification attains ^e periphery of the 
body leave interspaces permanently occupied by cartilagei forming 
cavities in the dried vertebne, especially at their under part, or giving 
a reticulate surface to the sides of the centrum. The expanded bases 
of the near- and par^apophyses usually soon become confluent with the 
bony centrum : sometimes first expanding so a.^ wholly to enclose it, 
as, for example, in the Tunny, where the line of demarcation mny 
olway3 be seen at the hurdor of the articular concavity, though it be 
quite obliterated at the centre, as a section through that part demon- 
strates. 

Tn the Pike the neurapophypes seldom, in the Polypterus never, 
coalesce with the centrum: the letter s shows the neurapophysval snture 
in ^ff. 17. Tn the t<alnwnid<f the parapophyses remain, for some time, 
distinct from the body of the vertebra ;i s w- 11 as from the ribs. In the 
anterior vertebrae of the Carp the ueurapophyses remain distinct, as 
they do in the atlas of many other fishes, and a suture is observable 
between the parapophyses and centrum in embryo Cyprinoids.* In each 
vertebra the summits of the two ueurapophyses usually become an- 
chylosed together, and to their spine ; but in the Lepidotirtn {Jig. 27.) 
the spine retains its eharacter as a distinct element, and is always at- 
tached by ligament to the tops of the neurapophyses, as it is in the 
Sturgeon ( Jig. 12.). In the anterior abdominal vertebras of the Tetro- 
don, each of the neurapophyses^ though they coalesce in the intengNtce 
of die two spines to form the roof of the neural canal, sends up its 
own broad truncated spine, and these are not, as might at first sight 
be supposed, enormously developed oblique processes, fi>r they gra- 
dually approximate and blend together, to form the single normal 
spine at the sixth abdominal vertebra : in the Barbel the neural 
arches also support two spines^ but one is placed behind the other. 

The interspaces of the neural arches are occupied by a fibrous 
ap<menroeis — the remains of the primitive essential covering of the 
neand axis: but in most fishes the arches are addittonaUy con- 
nected together by articular or oblique processes (sygapophyses)^ 
which are developed from the base of each neurapophysis ; sometimes 

• Fin* nolieed by Von Baer. 
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four, t^vo anterior, two posterior, as in the Mullet {MtKjil, fitj. 16. ; 
sometimesi two, as in the Perclu the posterior in this and most other 
iishes being overlapped by the anterior articulating process of the 
succeeding vertebra : commonly only the anterior zygapophysis is 
dovpl«»ped {fig. 17. r), winch touches, but rarely overlaps, jis in the 
l*iily])t( riis, the neural arch ia advance. It is peculiar to fi&hea to 
have articular processes developed from the parapophyses ; we have 
noticed thc;ic already in the abdominal region in the Ray; in the 
osseous fishes, when present, they are confined to the caudal vertebrae 
{fig. 18. s^): they are particularly developed, sometimes branched, 




Termiaul csudal Teitebnr. Sword-fitb (Xipkiaty. 

forming a network abcmt the hamal canal in certain species of Tunny 
{Tkjf$mu$t zxin.i. p. 265.). In Loriearia peculiar accessary pro- 
cesses are sent out from tlie neural arch of the seven anterior ver- 
tebne which abut against the osseous lateral shields of the dermal 
skeleton. 

The parapophyses are very short in some fishes (S'oiSmo, C^upea) : 
they are longest and most expanded in the abdominal rsgioa of the 
Cod tribe (Jig* 19. p), where they support the air-bhi^er» which in- 
timately adheres to thar under surface, and, in one species of Gaditu^ 
sends processes into expanded cavities of the parapophyses, thus fore- 
showing the pneumatic bones of birds. They gradually bend down 
near the tail, where they form, as in all fishes, the hasmal canal. 

The pleurapophyses of fishes correspond to what are usually termed 
in Comparative Anatomy * vertebral ribs,* and in Human Anatomy 
*false* or * floating ribs' : for, with few exceptions, of which tlie Herring 
is one (Jtff. 23.), their flistal ends are not connected with any bones 
analogous to stornnl ribs or stermnn ; ?. r. the abdomen is unclosed 
below Ijy the crura and spines conipietir)g the haemal arch. The 
true liomologues of sternal ribs or abdominal haemapophyses re- 
tain the primitive nponeurotii- u>sue, and may be well seen in the 
Bream, extending Irom the end.'^ of the vertebral ribs, 1 iiesc elements, 
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or pleurapophyses (Jig. 19. /?/, pi) are usuilly appended to the 
extremitiM of the parapopbyses, the arUcuUtioo frequently present- 
log ft ledprocal notch in eadu Bat» in some bony fishesy as FlaiaXf 
the rihs articnlftte wiih the bodies of the TertebriB^ in depressions 
behind the pftrapophyses; and in Po^fpterw beneath the pan- 
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pophjraes* as in the cartilaginous Jieptanchut, CarcharioB, aod 

Alopias. 

Between the floatinn^ ribs extcndjs an aponeurosis, the remains or 
homologue of tlie ])rimitive fibron- iiivestmi.'nt of the abdimien in the 
Lanoeh't and Lamprey. In the Suluioiv and Dory the ribs eontinuc 
to be attached to some of tht; pampophyst-s alter they are bent down 
to form the haMiial eanul and spine in the tail ; aud w<' <h_'rive tho 
same striking evidence of the true nature of these inferior arehes 
from the skeleton of the Tunny, the Dory, and some otlier fishes. The 
costal appendages of the first vertel>ra of the trunk are n.^ually larger 
than the rest, and detached from the eenti um ; at least if we regard 
as such the styliform bones (y?^. 19. 58) which project from the inner 
side of the scapula^ aud which have been described as coracoids 
(Cavier) and aom^iinea aa ditplaoed fliae bones (Garna). By the aiiu- 
cles attached to these Rtjliform bonee the succeeding ribs are drawn 
forwards and the abdomen expanded in the Cyprinoids. Pleura- 
l>ophyses are entirelj absent in the Sun-fish, Globe-fish (ZKodbn), 
the Tetrodon, the Pipe-fish {FiUtdaria and SyngmUhni^ the Lump- 
fish and the Angler. This of all osseous^ or rather semi-oaseous» 
fishes presents the simplest vertebral column : the abdominal Ter- 
tebne are not onlj devoid of ribs^ but have the feeblest rudiments 
of parapophyses. The bodies of these vertebra interlodt at thar 
lower and lateral parts by a short angular process fitting Into 
a notch in the next vertebra ; the lower border of this notch repre- 
sents the lower transverse process in other fishes : it is obsolete in 
the anterior abdominal vertebne ; begins to appear about the middle 
ones ; shows its true character in the tenth ; and elongates, bending 
downwards, backwards, and inwards, to coalesce with its fellow, and 
form the haemal arch at the twelfth or thirt(;enth vertebra, from 
which the hrrmnl spine is developed. The interlocking- yirocess of 
the anterior vertebra disappears as the true inl'i'ricir tran.«verpe 
process is increased. The side of the neural arch is ]K;rforated for 
the nerve, and that of the hmnial arch for the blood-vesseL* The 
anterior abdominal vertebiie of tlie Tctrodon are more firmly (damped 
together by the parapophysei? than in the Anirler. 

A vegetative sameness of form prevails in Fishes throughout the 
vertebral column of the trunk, which is made up of only two kinds 
of vertebrae, characterised by the direction of the parapophysef : 

* Tlic gelatiiUMUrtilaginous basis \s progressively but continuously ossified 
mround these foramina, which form part of a vast series of exceptions to the ao- 
eallcd **1oi de conjugnison " of M. Serres ; who, by tliis plirosc, exprMses his notion 
that every foramen is formed, like tlio'-e that give passage to tlu- spinal nerves in 
Mammalia, by the epproximation of two notches of two distinct bones or bony 
elcmtuits. 
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tiioee in the abdominal region are lateral, aauallj 
stand out and gnpport ribs; bnt in the candsl region 
thej bend down and coalesce at their extremities. 
The candal Tertebne of some iiat-fishes {FieunmeeHd^f 
fy. 20.)i the Poljrptents and the MnrflBme* would seem 
to disprove this homology of the luBmal arches, since 
transverse processes frmn the sides of the body co- 
exist with them, as they do in the Getseea. Bnt, if 
we trace the vertebral modifications throughout the 
entire column in any of these fishes, we sliall find 
that the hsemal arches are actually parts of the trans- 
verse processes ; not independent elements, as in the 
Cetacea; but due to a progressive bifurcation: this, 
in Mttreena HelenOj for example, begins at the end 
of the transverse processes of about the tweuty*fifth 
vertebra, the forks divcrfjing as the fissure deepens, 
until, at about the seventy-tliird, the lower fork de- 
scends at n rip-lit angle to the upj>er one (which re- 
mains to repivscnt tlio transverse process), aiul, meeting 
it? fellow, forms tlic ha:mal arch, and supports the 
antero-posteriorly cxpanrled hapmal spine. In the Plaice 
!i small process is criven otf from the expanded base 
of the descending parapophysis of the first caudal ver- 
tebra, wliich increases in length in the second, rises 
upon tl\e side of the body in the tliird, becomes dis- 
tinct from the parapophysis in the fourth, and gra- 
dually dinunishci! to the nintli or tenth caudal vertebra, 
when it disappears. These false transverse processes 
never support ribs. 

The atlas may usually be distinguished by some 
slight modification of the anterior articular end of the 
body, by the persistent suture of the neural arch, or 
by the absence or detachment of its pleurapopliyses : 
bat none of these charsoters are constant. Peculiar 
processes are sometimes sent off from the under part 
of the centrum : two very long and strong processes 
from this part are articulated with the basi-ocdpitsl 
in the great Sudis (An/jxiima gigas). The second 
vertebra is never characterised by an odontoid pro- 
S but the absence of this is not to be accounted 



• Compare this fi^^uro with nature, nnc! wiili thu fljjurts of n corrvitponding ver- 
tobra in u. pU 5., and in xxtui. p. 5S. The names assigned by GeoSroy Su Uiloire 
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for by tlie characteristioalljr weU*deveioped body of the aXiaa in 
fishes, since the atlas has & small centmm ia eroooditos and birds^ 

where the odontoid process likewise exists. 

Tlie number of vertebras varies greatly in tlie different osseoug 
fishes : tlie Pleetognathi {Dwdon, T ftrodoriy) have the fewest and 
largest: the apodal tishes (Eels, Gyninotes,) have the most and 
smallest, in proportion to tlieir size. It is not often easy to deter- 
mine the precise number, on account of the roalescence of some of 
the vertcbrcD, or at least of their central elements, in particular parts 
of the column. Instances of anchylosis of some of the anterior ver- 
tebra, analogous to that noticed in the cartilaginous Sturgeons, 
Chima^nc, Rhinobates, and some Sharks, occur also amongst the 
osseous fishes, as in many Siluroid and Cjrprinoid species j in the 
lioricaria and Fistularia : here is an example (Jiff- 21.) of the four 
singularly elongated anchylosed anterior abdominal ver^ 
tebra^ in the Tobaoco-pipe fish (Fitiularm iabaeeaHa), 
A coalescence of several ▼wtebna is moie constant at the 
opposite end of the eolnam in osseous flshea^ in order to 
form the base of the caudal fin. The bodies at least of the 
vertebrae situated here, at the part moet remote from the 
centre of life, do not emerge separately from the primitive 
embiyonic condition of the gelatinous 'chordai* but are 
continuously ossified to form a oonmion, compressed, ver- 
tically extended, and often bifrveated bony plate (JSff, 18. 
n'A'), from which the neural and hnmal arches and their 
spiiu s radiate : from these elements alone can the number 
of vertebrao of the caudal fin be estimated ; normal de- 
velopment proceeding here in the peripheral elements, as 
throughout the vertebral column in Lepidosiren, wliilst 
it is arrested in the central parts of the vertebra. In 
the Sun-fish ( Orthagoriscus mala) it would seem as if a 
row of rudimental vertebra? had been blended together at 
rigiit angles to the res»t of the column, in order to support 
the rays of the sh(.)rt, but very deep caudal fin, which ter- 
minates the suddenly truncated body of this oddly shaped 
fish. Our common Pike afifords a simple and intelligible 
view of tiiis modified base of the tail-fin : in the Eels, the Polypterus, 
the Lepidosiren, the Trichiunis, and Pipc-fishe^ the vertebne always 
remaiu distinct to the end of the tail. 

Cuvier, in the tables of the number of vertebne in various species 
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«ite the left hand of the render; thoie applied to them to the preaeot work are 
pleoed oppoaite the right hand. 
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of fishes contained in the " Lemons d'Anatoanie Comparde,"^ * counts 
th6 aiichjkNied vertebre of the raiKlal fin as one, and soaadgna flevati* 

tccn vertebnc to the $un>fish. 1 find but sixteen according 
to the vertebral centrM^ eight abdominal, and eight caudal : 
but if vre count the neural spines, we have then tw^Te 
caudal vert<^brae ; the spines of the last five being driven, as 
it '.vcro, 1)\ the extreme contraction of their anchylosed 
bodies, to rest their bases upon th<> bnck \mn of the seventh 
or last upright neural spine. In tlie C onger there are 162 
vertebrae, in the Ophidinm 204, and in the Gjmnotus 236 
vertebrae; but even this mi mber is surpassed bj some of the 
plagiostoruiiiis fishes. Nor are the extremities of the ver- 
tebral culuum tlie only regions where anchylosis of the ver- 
tebrae takes place. Hunter had preserved this specimen of 
confluence of the first two vertebrae of the post-abdoiiuual 
or caudal region in a large fiat-fiah (probably Rhombus, 
Jiff. 22.), forming a troe flacnim. In tbe Halibut {Hippo* 
^glossus) the parapophyses of the corresponding TerCebne^ 
ill with those of the last abdominal* are similartjr united, 
though the bodies remain distinot In Loriearia both the 
upper end lower arches of a considerable port of the caudal 
region are blcvided together into an inflexible sacrum $ but, 
as a general rule, there exists no such impecUment to the 
lateral inflections of the tail in the preaent class. 

Although the Tertebne maintain a considerable sameness 
of form in the same fish, thej vary much in different 
species. The bodies are commctily subcylindrical; as deep, 
but not 80 broad, as they are long ; more or less constricted 
in the middle, in some to such a degree as to present an 
hour-glass fip:tire. Tn the Spinachorliinus they are extremely 
short; in the Fistularia extremely long; in tlie Tetrodon 
they are much compressc<l ; in the Platycephalus tliey are 
Anchyiosed morc depressed ; in the tail of the Tunny the entire ver- 
cvidai Tcr- tebra is cubical, with the ends hollowed as usual, but tlie 
Mcrutn.'ofa foul' other sidcs flat, the upper and lower uaca being formed. 



ill the connected by the neural and haemal arches of 

the vertebra in advance, flattened down and, as it were, pressed 
into cavities on the upper and under surfaces, of the centrum of the 
next Tcrtebra^ so that the series is naturally k>dted together in the 
dried akdetoii; and these arches cover not the neural and hesmal 
csnals of their own, but of the succeeding, centrom. 
The principle of Tegetative repetition Is manifested, in osseous 

• Bd. 1836. tool. L p. SSSi 
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fishefli by the numerous centres of ossification, from wliich shoot out 
bony rays affording additional strength to many of the intemuisf ular 
aponeuroses : some of these snperimmcrary or intercalary ossicles 
belong to the cndo-skeleton, but most of them to the cxo-skeletolU 
In the former system of bones may be ranked those spines whieh are 
attached to, or near to. tlu; heads of the ribs, and extend upwards, out- 
ward?, and backwards, between the dorsal antl lateral masses of muscles : 
the^e are the * diver^nng appendages ' of the abdominal ribs 
{^fig, 17. I/), fig, 23. pi a), and may be termed * epipleural spines ; * 
though they sometimes pass gradually, as the vertcbi*ai approach 

the tail, from the rib upon the porapophysis, 
and even in the posterior abdomlnftl vertebm 
(e. g. HvlUieenltnim\ upon the bodiee and neural 
atehes. Tbey «re die '^obere rippe** of 
Meckel, and at the ibre-part of the abdomen, 
io Polyptema, the epiplenral apines are atrongw 
l'^* than the ribs themaehres. The apinoua appen- 
dages are remarkaUj developed in the Haleooid 
fiahea* (Salmon and HeniDg,) in the Mackerel- 
tribe, and the Dolphin (CerfpA^ena). In our 
common herring you will find them attached 
not only to the ribs 23* fl^ a), but also di- 
verging from the parapophyaea (f»a), and the 
neurapophysea (na), and the vertebra is further 
complicated by dermal bone?, those on the under surface of the 
nbdomen being connected, like the acatea of serpents, with the 
lower ends of the ribs (p/). 

The very di>tinct liistoloiriral condition of the endo- and cxo- 
ekeleton of the Sturgeon {^Jiy- 43.), shows clearly th»^ nature of 
those s|)ine3 { fig. 19. dn^ whieh form, in osseous lishes, a second 
row, of greater or less extent, above tlie true neural spines, and sup- 
port the dorsal fins. Thus, in Accipvusrr Jintzburgii^ twelve of the 
hanl » n.unellcd calcareous plates (ganoid seales ) along the raid-line of 
the baek, send upwards and backwards u moderately long spine : the 
series is then continued in a cartilaginous state to support the dorsal fin. 

In the Polypteroa sixteen accessary bones, in tiw form of longer 
and sharper spines, are extended over thrice as many VertebrsB: 
and each dermal spine supports n membrane, strengthened at its vpper 
part by four or five branched and Jointed mys. From the base of 
the dermal spines other ^ines {Jig. 19. m) nsaally shoot down* 
wards, into the intervals of the nearal spines t these inverted spines 
may he the homologues of the wedge-shnped intemeural pieces hiBfoEe 
noticed in the vertebra of Shariu, and may well retain that name in 
the osseous fishes. Sometimes they are double^ as in the flat-fish 
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(Plaice, Sole, hc.yjig. 20.), and in some parts of the vertebral oolfunu 
of the Deep-fish, as the Dory, the ChsBtodon, the Snn-fiah, &c. But 
whaiteTer modifioBtioiiB these dermal and interoalfliy ipiiies present 
above, the same are usually repeated below, in connection with the 
hflsmal arches and spines, for the support of the anal fin: and just as 
in the framework of the dorsal fin we find intemeural spines and der- 
moncural spines, so in that of the anal fin we reco^niso interha^raal 
spines {Jig. 19. i/<), and dermohsemal spines (ib. dh\ witli the, some- 
times, expanded base from which tlioy diverge. Both interncural 
and interh?Bmal spines are, in the o^-c jus fi^shes, commonly shaped like 
little daggers, planged in the flesh up to the hilt, whicli is represented 
by the part to which the true fin-ray (dermoneural or dermohsemal 
spine) is ailachccl. I'hc^e parts of the dermal skeleton, developed in 
the primitive continuous fold of skin which forms the groundwork of 
the vertical fins in the embryo fish, manifest the vegetative character, 
whieh b tlie vfliial coiiooinitant of peripheral position, by the partial 
apontaneouB fiaaioB whidi each raj has undergone in the progress of 
its developmeni ; this Is shown 1^ the longitudinal n^h^ or sntnre 
along wbidi each dennal spine or ray may commonlj he divided 
into two Literal moieties. The framework of the cavdal fin is 
composed of the same iniercalaij and dennal spines* superadded 
to liie proper neural and hstmal spines, of those caudal vertebra 
whieh have coalesced and been shortened hj aheorptaon, in the pro- 
gress of embiyonic developmenty to form the base of the tenninal fin 
(fig, 18, 19. c, dn, dh). 

• In the Sharks and Sturn:cons this fin is not symmetrical as in vamt 
osseous fishes, but is formed chiefly by Uio haemal spines and their 
intercalary and dermal spinous appendages ; the progressively de- 
creasing bodies of the caudal vcrtebrre are continue'l along the upper 
border or lobe of tlie fin, sending off short neural iq^inoQS pro- 
cesses to increase tli* hciirlit of that border. 

M. Agassiz calls thuse ii-li>^ iu whicli, froni the peculiar development 
of the lower lobe of the caudal fin, the vertelira- seem to be prolonged 
into the upper lobe, '* heterocercal and those with the lobes of the 
caudal fln equal or symmetrical, be calls " lioniocercal." The pre- 
ponderance of heterocercal fislies in the seas of the ancient geological 
epochs of our planet is very remarkable : the prolongation of the 
superior lobe characterises every fossil fish of the strata anterior to^ 
«id includiiig, the Msgnesian limestone. The homocercal fishes 
first appear above that fcnnation, and gradually predominate, nntil^ 
as in the pvesent period, the heterocercal bonj fishes are almost li* 
mited to a single ganoid genus, e. g. LqpidotUtiM. 

Hie shapes siie, and nnmber of the median asjgons dorsal and 
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anal fins, depend on the development and grou{)!n«r of tbe accessary 
and intercalary g]»ine> : the true verte^>ral, neural, and haeninl spines 
•rive sicarcely more indication of the nature or existence of tliii-( tins, 
tlum the neural spines in thr Pfirpoise or Fin-whaies do of thtir not 
less essentially though more histologically dermal dorsal fin ; but the 
development of the dcrmo-skeleton, in the fish's fin, and its inter- 
calation with the spines of the endo-skeleton, uud consequently its 
retention in our pn^pured skeletons, lead me to notice it in connection 
with the vertebral column, as 1 shall jiubsequently, for similar reasooB, 
have to describe parts of the dermo-skeleton which are intercalated 
with, or appended to^ the vertebrae and bony areliee of the bead. 

In the Demepieri (Lampreys, Lanoelet), the doc«i]» anal and 
eaudal fine are iimplj cntaneona folda, with Bca^fcel7 distingnishable Boft 
fibres for ray% and they are eontiniiou8» as in the embryos of higher 
fish. In the GjfmMohtM, a rery long but shallow anal la continued 
into the eaudal fin $ bnt» as the name of this fish implies*, there is 
no dorsal fin. In many, both cartilaginous and osseons fishes^ a single 
group of dermal spines supports a single dorsal fi% as in the Stuigeon, 
the Grey Shark {BtpUmekuM), and the Shad : in others, as the Dog** 
fish {Sirimue)y and the Mullet, there are two groups of dermo^eural 
spines and two dorsal fins ; in the Cod and its congeners tiiere are 
three dorsals (/^. 19. d) i in the Polypterm there are, as its name 
implies, numerous (as many as sixteen) dorsal fins ; and many ac- 
cessary vertical finlets, both dorsal and anal, may be seen in the 
Caranx, or Mailed Macl^erol. 

Cuvier called those bony fishes " ^f-ilaroptr i \ L,'ittn," whose verti- 
cal fins were supported by soft, joint < (], and branched dermal spines, 
and he called those " Acanthopterygian," which had the fin-rays or 
some of the anterior ones in the form of simple, uujuiated, and un- 
brancljed bony spines : but we have seen that tlu se variable parts of 
the dermo-skeleton form unsafe and artificial grouud:» ibr the iuiger 
groups of the class. 

Very rarely do the intemenral and dermal spines coincide in 
number with the neural spines : they are dlen mora numerous^ as in 
▲canthoruB and Fleuronectes ; more frequently less numerous^ as in 
the Lepidosteus or Trachinus. The Lophius has only three long de- 
tached dermal rays, projecting irom above the abdoininal region of 
the spine, and two or three above the cranial vertebm; the base of 
these dermal spines expander bifurcatea^ and the extremities curve 
inwards, to be inserted into lateral depresaiona^ or a tranaverse per* 
foration, of the aummit of the intemeural apin^, represented in 
I>opbius by a small semi-osseous disc. Those dermal spines thai 
auatain the caudal fin offer the lowest condition, aa might be expected 

* Or. Yivwvr, naked s ppw, baek. 



Digitized by 



VERTEBRAL COLUMN OP FISHES. 



69 



htm Hbeir tefminal podtbn ; they are almoet aliraja bifurcated, or 
dicihotomooBly aabdivided, as the effeet of tiie oontinoed spontaneous 
fitrion of their emhiTonio elementa, or of the activitj of the vege- 
ttttiTe force of IrrelatiTe repetition. Thia part ia aoccrdlngl/ Butject 
to monstroBity hj excess, as is manifested hj the doable and triple 
tails of Goid-tish in oonfinenuttly whrrn nutriment is not expended 
by the due action of muscular force. The singular suckin|r-ai)p:\r!itus 
i^on the head of the Bemorais an assemblage of peculiarly modified 
and connected dermal spines. The more common modification is the 
cxco>?aive development of one or more of the dermal spinesy to form 
peculiar weapons of defence. 

The Cliimaer;i\ the Cestracions, and the Piked Dog-fish, show 
such a stout bniiy spiup^ «ometime«, in the last-nam^^d s^ark, 
sheathed with horn, at the front border of each dorsal fin, which it 
also serves to strenp^then. The Fire-flares ( Tri/f/oN ] and Engle Kays 
(^Mi/Uobates ) ha\ e one or more strong, detache<l, barbed or serrated 
spine-s, on the ui^pcr part of the tail. Agassiz has pointed out the close 
resemblance of the microscopic structure of the bone of these spines 
and the dentine of the teeth of the same kind of fishes : they arc both 
hardened hj an outer layer of modified dentine, but as hard as 
enameL Many large fossil spines, called In FkdsBontology <*Ich* 
thjodorulites^'' have been determined hj their form and stroctuie to 
have belonged to extinct cartilaginoaa fishei^ allied to the aboTC-cited 
existing genera, of which they are somettmes the sole indications 
left by the wreck of former worlds. Amongst bony fishes^ the 
Siluroids (Shea^>fl8h) and BaUstes (File-fish) are most remarkable for 
these dermal weapons. In our rare Balistes eapritcus the anterior 
dorsal is sustained by three such spines; the first much the strongest^ 
and 'the second subaenrient to the use of the first as a weapon, 
rattier than for the support of the fin. The first spine is articulated 
by a very remarkable joint to the broad interncural oeseons plate : 
its base is expanded and perforated, and a bony bolt passes freely 
through the ring. When this spine is rni'«etl, a deprresinn at the 
back part of its base n et i ves a correspouding projection from the 
contiguous base of tlic -n (»nd ray, which fixes it like the hammer of 
the gun-lock at full-cock, and it cannot be forced down till the small 
Bpine has been depressed, as by pulling the trigger : it is then re- 
ceived into a groove on the supporting plate, and offers no ini[)edi- 
ment to the progress of the tish through the water. The name of the 
geuus {BcUistes) and the common Italian name of the species in 
question {Pesce balestra) refer to thia stnietttre : the spine of the 
Bafistea is abo roughened with ganoid or enamel grains like n file, 
whence our English name for ll^ * file-fish.' The margins of the aiiA- 
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logons hut stronger weapon of the SiluroidiB in usually beset with den- 
ticles of the same hard substance, sometimes anchylosed to the spino, 
snmotimcs movably articnlated with it. M. Agassiz has found that the 
tixcd denticles liiive the same osseous texture, charnrteri'sed by ra- 
diated corpuscles in conoentrie hiyers, as the spiae itst lt ; ^'» liil-t tin 
movable denticlejs present u simpler structure, being penueated by 
caleigerouf tubes, radiating irum a central vascular pulp cavity, like 
teeth ; but the comparative anatomist who has extended his obser- 
vations beyond the class of Fishes, will pause before he aduiiu the 
sweeping conclusion which the celebrated ichtixyoiogist draws from 
his interesting microscopical observations.* 

The diatinotkm betwm ihe internal or splanchnio and extmal 
skeletons does not rest upon the microsoopio cbemoter of their tissues ; 
if it did, and if every calcified pUte or spine thet presented the cba- 
raeteristic radieted ceUs of bone, were to be daased with the pieoes olT 
the internal skeleton, we must cease to regard the scales of the Cro- 
codile, and the tesselated carapace of the Armadilk^ as parts of the 
external or dermal skeleton. 



LECTUBE IV. 

THE SKULL OF FISHES. 

Passing from the trunk to the head, we find in the Lancclct (Bran- 
chiostotna, xxx.), at the lowest step of the Vertebrate series, that the 
cranium is not indicated by difference of mze or structure of the ru- 
dimoital Tertebral column, but consists of that giudually contracting 
anterior tormination of the neural canal, which retains its primitive 
fibro-membranous wall, (Jig. 46. «), without any superaddition of 
parts, and is supported by the tapering end of the gelatinous * chorda 
dorsalis' (ib. oA). This part, in the Lancelot, even extends farther 
forwards than the cranial end of the neural canal, indicating the non- 
development of the proeencephalon and corresponding part of the 
cranial cavity. In fac^ there is no ganglionic cerebral expansion 
whatever in this vermiform fish: the epenoephakn or medulhi oblon- 
gata is indicated by the orighi of the trigeminal aerre (ib. ob\ in 
advance of wliich the mesencephalic segment sends off the short optio 
nerve to t!ie dark ocellus {op\ and there terminates, somcwliat 
obtusely, beneath what Dr. Kolliker (xxxii. p. 32.) has described as a 
ciliated olfactory capsule (ib. ol). The cranium of the Lancelet, 

T i . genres TTijjmstmna et CallieAtkys prtenteBt oette singuU^ •tolMtttftt, et 
prouvent par U meroe que Ics diffSreocct qu'on a voulii ^tablir. outre un 84|ue1ettc 
paueicr ou exteme, et un sqaelette inu-rieur ou intestinal, &oi\i Utiou^es de tout 
fcmdcmeiit'* — AImsm FouUtt, torn. iii. p. sis. 
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ther(>fore, may be said to be composed of the primitive com in nous 
fibro-gelatinouB basis of the vertebral bodies, and of the men ln ine 
which is repregented by our ' dura mater/ without the superaddition 
t)f cartilaginous or osseons coverintrs. 

But if we were to limit our view of the skull of the Branchiostoma 
by this primitive embryonic condition of the cranium proper, we 
should ba^e an incomplete idea of it* A large, jointed, cartilaginous 
hmnal areh (Jig, 46. h) extendson eadi aide^ fixim ImIow tha onnial end 
of the ehoida d<mali8^ dowawarda and backwards to the orifice of the 
phaiyiix; this represents the labial aroh of higher Myxinoids^ and it 
supports the jointed slender oral filaments, which may be regarded 
as a oontinned representation, in the Vertebrate series, of the cephalio 
tentacola of the Giephalopods. It is the sole choadrified part of the 
deleton in the BrmiiekiMkima, a fact which «must be bonie in mind 
if we would avoid the common error of supposing the neural ver* 
tebral column to be the firat and only rudiment of an internal 
skeleton in the lower Vertebrata. 

Before proceeding to the next stage at which cranial development 
is arrested in the ascending scries of Vertebrate, I may briefly de* 
scribe the form under which the cartilaginous tissue is superindiMied 
upon the fibrous brain-sac in osseous fishes, according to the obser* 
vation of M. Vogt on the embryo of one of the Salmonida? ( Core- 
ffonitgj xxn. torn. i. p. 3.). The chorda dorsalis advanc( .s as far as 
the pituitary sac, or * hypophysis cerebri,' where it terminates in 
a i)oint ; cartihige is developed on each side of tlie chorda, forming a 
thick orr>j>lto-sphenoiffal mnss*, which exU'iid.s outwards, and en- 
velope? the sac of the internal ear, forming tlie ear-ball or acoustic cap- 
sule. Tlie cartilage rises a little way upon tlie lateral wallji of the cra- 
nium, and is there insensibly lost in the primitive cranial membrane. 
At the end of the chorda, the ba^al cartilages diverge, .surround the 
pituitary vehicle, and meet, in front of it, to join or be expanded in 
the presphenoid plate j these arches I term " »phenmdaV*% (Jig, 24.) 
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The Sand-lance {AmmocfPtes) presents a condition of the skull 
which corresponds^ with thi.s lirat appoiirancc of the cartilages in the 
embryo of hi<;her fishes {^fig. 24.). llie occipital curtilages extend from 
the sides of the pointed end uf the chorda (ib. ch\ and expand into 
the acoustic capsules {ih. 16) : the sphenoidal arches {ib, 6), enoompaaa 
the pituitary or hypophysial space (Ay), now doeed by a membrano- 
eartilaginouB plate^ and unite anterioriy to form a amall Tomerine plate 
(tft. ia)» in front of which is the single undivided nasal cqtsnle (tfr. t9). 
The now expanded cerebral end of the neural canal {Jig* 25. n) is 
still defended by Hbrous membrane only: but is divided from the 
vomerine plate (ift. la)^ by a backward extension of the nasal see 
(ib. 10) to the pituitaiy vesicle. 

In the Uyxine the aooustic capsules are approximated at the base 
of the skull, near the end of the chorda : the sphenoidal arches are 
longer, and unite with the palatine plate and arches, from which are 
sent off the labial cartilaginous processes supporting the buccal ten- 
tacleS) answering to those in the Lancelot. In the long hypophysial 
interspace of the sphenoidal arches a more or less firm cartilaginous 
plate is developed, from which a slender median process is continued 
forward to the vomerine or palatine plate, which supports the nnBal 
capsule ; another proro^ oxtends backwards to the occipital cai tilage. 
CHher processes are al^o sent o'S i'rom the sidesy which form a complex 
system of peculiarly Myxiaoid cartilages.* 

In the Lamprey {PelromyzoHy Jig. 26.) the occipital cartilage is 
continued backwards, in the form of two slender processes {c\ upon 
the under part of the chorda dorsalis {ch) into the cervical 
region. Th€ hypophysial space {hy) in front of the oc- 
cipital cartilage remains permanently open, but has been 
converted into the posterior aperture of the naso-palatine 
canal. t The sphenoidal arches (5) are veiy short, ap- 
proximated towards the middle line ; and the presphenoid 
and vomerine cartilage (i3) is brought back doaer to 
the sphenoidal arches. Two cartilaginous arches (as) 
nusorikiiii, cironmseribe ellipticat spaces outside the presphenoid 
^fgSSI. pl<^« €^ea/& appear to represent the pteijgoid arches; 
but, as in the embryo of higher fishes^ are not se- 
parated from the base of tiie skull by distinct joints. The basal v 
cartilages, after forming the ear-capsules (le) extend upwards upon 
the sides of the cranium (Jig, 1 1,), arch over its back part, and leave 

• 8m Mulkr** nuuteriy Memoir, *« Ueber die Myxinoidcn," Abbandlung. der 
Berlin. Aknd. 1R35, p. 105. tab. lii. 

t AgMsi* (zxii.) describes tbis aperture as «• un tr4s petit espeoe presque circu- 
Im» («) dam laqucOc eat log^e I'bypophyse 4u cenreau." The figure to which bu 
biter (s) nfci» ttoained, like nunt^ Aom MiUkr. 
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Dnlj its upper and middle part membranoiu^ m in the hanum embiyo 
when oflBifieatioa of the cranium commences. Two broad cartila§^e8 
{ib, 30, 31) may represent, upon the roof of the infundibular suctorial 
mouth, the palatine and maxillary bones, and anterior to theae there 
is a labial cartila|[9 (K. SS) : there are likewisn cartilaginous processes 
ib. r, *) for the support of the large deutigerous tongue, and the 
attachment of its muscles; besides the cartilaginous basket, before de- 
Bcribofl, which supports the modificfi and perforated homologu© of the 
large respiratory pharynx iu the liranchiostoma ( AV/. 46.), 

As regards tho development of the "kiill, properly so called, the 
ordinary course is pursued with very little deviation in the Der- 
mopterous fishes ; but is arrested at more or less early embryonic 
stages : yet at each of these, even the earliest, development proceeds 
in a special direction, to stamp the species with its own distinctive 
and peculiar character : in the Branchiostoma by the articulated 
cartilaginous labial arch and its numerous filaments ; and in the pro- 
per Mjxinoida and Lampreys by the fonnation of the complex ayatem 
of lateral and bdbtal eartilages ; or by the modification of the paHrtine, 
mazlUary, and hyoid rudiments, in rdation to the iiietoffial function 
of the month. 

The more or leaa cartikginoas aknil of the Flagiostomona fiahea 
might be hiatologieaUj regarded aa the transitional step from the 
Cjdoatomona to the Oaseooa fiahea i bnl, moiphologicaUy, it ofiera a 
Tvqr diHiarent type^ appaienUy a simpler one^ if compared with the 
Myxine or Lamprey, but one which in consequence of the progresa 
of development in the direct Yertebrate route, more nearly approxi- 
mates to the type of cranial organisati(ni in the lower forms of Rep* 
tilia. The Monk-fish ( SquadMy — an intermediate form between the 
Sharks and Rays) affords a good and typical example of the essential 
characters of the plagiostomous skull. The cranial end of the chorda 
dorsalis and its cnpsule are converted into firm granular cartilage ; 
and tlii.-i cartilage extends from the prominent median briiril ridge, 
indicative of the primitive place of the chord;!, on ta* li ^ide and for- 
wards so as to constitute an oblong iiatteried plate tbrming the whole 
basis crnnii. The posterior margin of this ' occipito-sphenoidal ' 
plate supports two con vex condyles, as in most of the Rays, for arti- 
culation with the body and parajKjphyses of the axis.* The lateral 
margins of the ba^al cartilage have two notches, the intervening pro- 
minence repreaenting the primitive sphenoidal arch, here filled up 
and sending ofif a rudimental pterygoid process outwards. Just an- 

* The body of the atlas has coalesced with the baai*oodpitali as is indicated hj 
U% «ilender but separate netml arab. The condyloid foninoii is just aboro the outer 

end of the condyle. 
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tcrior to median ridge there is a small fossa, (in the young 
Squatui'i ;l 1 u anion,) the las! trai (■ of the pituitary canai : the basal 
cartilage thou rxpundf? to form the lower border of the groove which 
receives the palatine process or point of suspension of the palato- 
maxillary arch, and the cartilage then suddenly contracts, and is con- 
tinued forwards to form the vomerine anterior base of the cranial 
cavity. The fibro-membrauous parietes of this cavity are every 
where covered with, or converted into, the same firm granular caili- 
lage as the base, save at the anterior and upper end, where a large 
foataaeUe^ doiad hj the primitive memlmne^ remaiiis: Ibe cartila- 
giaoiu valla are perfttrated by the eadi of tbecerelinl nenres, and the 
spinal ehord. 

The enmial cavity is not moulded upon the brain, bnt Is of larger 
fliae; it oommmuoates merely by the nenrousand vasonlar foramina 
with Ae aooiiatielafagninih, which ia bnried in the thick laleral cranial 
cartihige. This insnlation of the ear^capiules firom the brain-caae la a 
higb grade of deyelopmeat common to all thel^pical Bbgioitomea : in 
the ChinuBTB the separation ia onlj partiaL The large pituitary de* 
pression, or < seUa,' marked by a ridge across the floor of the cavity, 
indicates the compartment between the orbits f<Mrthe mesenc^halon, 
and in front of this is the wide prosencephalic, or cerebral, compart- 
ment, which communicates by the two large foramina with the nasal 
cavities, and, in the dry skull, opens forwards by the wide persistent 
fontanelle. In the vertical lateral cartilaginous wnlls of the cranium 
we recognise the part representing the great ala ot the pplicnoid by 
the two perforaticms nn-iwnng \ri th^ foramina oralia and rotunda for 
the exit of branches of tlie littii puir of nerves. The orbital alae of 
the pplienoid are indicated bv the foramina optica; the part cor. 
responding to the bones in osseous fishes, called by Cuvier " frontaux 
ant^rieureti," by tlie olfactory foramina, and by their articulation with 
the palatine procejjs of the maxillary arch. Two ljt u:iil and thin car- 
tilaginous plates, from the upper an 1 anteiiur walls oi the cranium, 
support anteriorly the nasal sacs, and thence extend backwards and 
outwards over the sides of the anterior half of the cranium forming 
tiie roof of tile orUts* Two longitudinal and Totical ridges, which 
rise firom the posterior and lateral cranial parietes, eoctend outwards 
at both extremitiea In the form of strong triedral conical tranarerse 
proceasee. The anterior one forms the poet-orbital prooesa % the pes* 
terior answers to the mastmd; between these is a kmg carily lodgiiHS 
the temporal mosde^ and beneath this the parallel articular caTity 
for the ^rmpanic pedicle. The extrme point of the mastoid is per- 
forated by a mucous canal extending to the upper surface of the 
back part of the skull. The post-orbital processes touch, and some* 
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tunas Vlend wiA» the mpi»^»1iitil pUt6% «nd droamiorilie unities 
at the sides of the parietal r^aa of the ennituii. But tbe exterior 
of the akall is Ywdomly aod singiikrlj modifted in the difibrent 
Plagioetomotis genera, development prooeeding from the advanced 
cs rt il ag iiiott s stage just described, to establish peculiar plagios- 
tomouB chanMSten» tod to adapt the indiyidoal to its special sphere of 
existence. 

The same general confluence of cartilage, which pervades the 
protecting wails of the brain-case, characterises the appcndprl nrclies 
of the crHninm. A single strong suspensory pedicle, ai tii iilatcd to 
the side ot the skull beneatli the posterior angular (mastoid) pro- 
cess, has the hyoidean, and partly the innndibular*, arches attached 
to its lower end, the former by a close joint, the latter by two liga- 
ments. The niax-iliaiy arch, in SijnatincL, is suspended by a ligament 
from its ascendinnr or palatal process, to the notch between the 
vomerine and the amcrior supra-cranial cai'tilaginous plate. From 
this point the jaw is cooitiuued in one direction forwards and inwards, 
fsompieting the axdi by meeting its feUow» to wh^ it has a elose 
figameatoas janotioB; sad in the opporite direction^ hackwaxds and 
outwards, as a coalesced diverging appendage to the outer side of the 
tympanic pedicle^ wfaere it Hums the more immediate artienlatioik for 
Ilia lower jaw, or mtndibalar arch, like the hTpo^tjmpanie contina* 
atieaof the tipper mszillaiy bone in the Batraehiak Bach lateralhalf 
or ramus ooosiBts of a single cartilage^ the two being nnited together 
at the iipnplijflia by ligament. 

Two slender labial cartilages axe developed on each nde the mazi]* 
lary, and one on each side the mandibular ardi; which complete the 
sides of the mouth. These cartilages Cuvier regarded ob rudimenti^ 
respectively, of tbe intermaxillary, maxillary, and dentary bones; 
the dentigerous maxillary arch being bis palatine bones, and the 
mandibular arch the articular piece of the lower jaw ; but both 
palatines and articulars co-exist with labial rari il;i;ies, like tho^sp nf 
the Squatina, in a Brazilian Torpedo {Namin ,, and at tho HOTnc time 
with distinct pterj'goid cartiiai.* (xxi. 18;]', v. Jig, 3. 6*. 4.j j 

Four or five short cartilaginous rays, in >S</H(Uina, diver^re from 
the posterior margin of the tympanic pedicle, and support a mem- 
brane answering to the opercular flap in Osseous fishes ; in their 
ultimate homology these rays are the skeleton of the diverging ap- 
pendage or limb of the tympano-mandibular ai'cli. 

• Tlirougliout tlio r Lectures the terra "mandible" is npplled to the lower jaw, 
and the inverted cranial arch which that jaw completes is called " mandibular : " 
the areb finined by the upper jaw w called maitllary." 

t It m ly be (juesiioiied wiiether fStM detached plate^ called paktlna by Dr. Heolc, 
be not rather the eoto-pterygoid. * 
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The hyoidaroh in the Sr/uatina, as in most other Pkcictfimr?, con- 
sists of two loner and strong lateral pieces or f • rato-hyoids {comua 
of Anthropotr riiy ). and a median flattened syraraetricnl piece, the basi- 
hjoid, (cor/)>/s o"-v(> hjoldei) below. Short cartilaginous rajs extend 
outwards from th*j Iijk U j ;!rt of the comua, supporting the outer mem- 
branouii wall of the branchial sac : these answer to the branchiostegal 
rajs in osseous fishes, and support the diverging appendage or limb 
of the hjoidcan arch. But the fold of integument in which thej 
project is not liberated, and is continuous with that supported hj the 
o|ieraa1ar nji ftoan the tympanic pedide. Five bmiehiml arclies 
succeed the hyoideaa; but ere Boepended, ee in the Lamprey, firom 
the aidei of the toterior Tertelnw of the tnuk. 

The Cettraeum^ 00 interestiiig ficom ite early introdoetiou into the 
aeaa of thit planets ia not bo far advanced In cnnial development aa ib 
the more modem S^fmtHiuu In theexiatiDg qiedea of the AoBtraliaii 
aeaa (Ce«<»tM!to» JPIUUifi, r. pt ia)» the eartilaglnonB haaL^pital 
retains a deep conical excavation, adapted to a coKresponding one In 
the atlas, which cavity is consolidated by cartilage in the Squatinag 
the original place of the extended anterior end of the chorda, along 
the middle of the posterior half of the bafii-cranial cartilage, continues 
membranon% and the pituitary perforation is pennanently closed by 
membrane only ; the basal cartilage expands anterior to this, and 
comes into close connection with the maxillary arch, and is thence 
continued forwards, contractinL' to n point between the nasal capsules, 
which meet at the mitldlc line alxiNc tlir symphysis of the upper 
jaw. The proper cranial cartilage is thinjier than in the Squatina ; 
the anterior or pineal fontanelie forms an extended membranous tract 
on the upper pai't of the cranium ; the vertical ridges, which rise from 
the sides of this tract, extend forwards and outwards to support the 
nasal sacs, and are continued backwards, interrupted by a notch filled 
by membrane, to the posterior angular processes, which overhang the 
joint of the maxillo-hyoidean pedicle. The maadUary and mandibular 
arches are as ^ple as in the SquaHHiay bat much stronger, dnce 
they support a series of massive grinding teeth, as well as pointed 
ones or laniaries. The rami of the lower jaw are confluent at the 
symphysis. 

The Skates and Bi^ have the iknll movably artieulated, as in 
SquaHnOt by two basilar condyles and an intervening space^ to the 
axis.* The skull is flat and broad ; the npper wall membranous for 
a greater or less extent^ except in Nareuiej where it is doBed by 

* ThelMri^ipiul dsosilbrdfaniMUlHitdBitiiictlB^^ 
ilM two laigc MiKljrlM in the 2^gmm. 
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cartilage. The anterior or T(»iieriiie part forma a loAg pyramidal 

rostrum, to which are artieolated cartUagea connecting its extremities 
with the radial or anterior angles of the enormously developed hand 
(peet<Mral An) : in the space between the skull and those fins, the 
Torpedo carries its electric batteries* The tympanic pedicles are 
short and thick ; the maxillary and mandibular arches long and wide, 
stretching transversely across the imder part of the head. 

In the ordinary Sharks the anterior prolonf^ation of the cranial 
ra\ ity gives a qiiitp anterior poRition, and nhno.'*! vertical phine, to 
tlie tontanelle : three columnar rostral cartilages are produced, two 
from above, and one from between the nasal cavities, which processes 
converge and coalesce to form the framework of a kind of cut-water, 
at the fore-part of the skull. In the place of articular condyles, pro- 
cesses extend backwards from each side of the occipital foramen and 
clasp, aa it were, the bodies oi three or four anterior vertebrae of the 
trunk. The pterygoidean arches extend outwards, in Carehanat, 
from the base of the cranium, but| as in embryo osseona fishes* are 
eonfloent therewith at both ends. The maxillary areh, anspended 
near its dosed anterior extremity to the Tomerine part of the base of 
the akoll, IB thence extended backwards to the artienlation of the 
lower jaw. A simple cartilaginona pedtde forms the npper part 
(pletnmpophyais) of the mandibolar axch» which is completed below 
by the lower Jaw. A few cartilaginons rays diverge outwards and 
backwards from the pedide* and support a small opercular flap or 
fin. The hyoid ardli consists of a basi-hyoid and two simple cerate* 
hyoid cartilages } the stylo-hyoid is ligamentous, as in the Squatina. 
Short cartilaginons raya diTcrge from the oerato-hyoid to support the 
branchiostegal membrane, or hyoid fin. The scapular urch, which 
we shall find normally articulated with the occiput in osseous fishes, 
is attached thereto, at a little distance behind the head, by ligament 
and muscles in the sharks : from this arch, also, cartilaginous rays 
immediately diverge for the supjiort of a radiated appendage or fin ; 
the third in the scries countiiig backwards from the tympanic or 
opercular fin. 

The capsules of the special organs of sense are all cartiiaginous: 
that of the ear is involved in the lateral walls of the cranium ; that 
of the eye is articulated by a cartikiginous pedicle with the urbit; 
and the olfactory sacs are over-arched by the naeal processes of the 
epicranial cartilage. 

Amongst the stranger forms in which spedal development radiate^ 
in diverging from that stage of ^ common yertdirate route attained 
by the Ftagiostomes^ may be noticed the lateral transrerse elongations 
of the orUtal prooesseSy supporting the eye-balls at thdr extremity, 
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Rn<l giving the peculiar form to the skull of certain Sharks, thence 
called " Hammer-headed " {Zyg<Bna), In the Eagle-ray { Mt/!iobates) 
a cartilage is attached to the anterior prolonged angle of the great 
pectoral fin, and eonnecta it with the fore-part of the cranial (inter- 
nasal) cartilage ; it supports a number of branched and jointed car- 
tilaginous rajs, which projort forwards, and nrf^ connected at the 
middle line wit!i a like series Irom the opposite »itle ol the head ; they 
may be regarded as partial dismembermeiitg of the great pectorals ; 
and in lihinoptera Brazil unsls their supporting? cartilage is directly 
continued Iruui that of the pectoral fins, though it is clo.sely attached 
to the fore -part of the head. These form' what Miiller has termed 
** cranial fins but the parts more properly meriting that name aro 
the opercular and branchiostegal appendages of the tympanic and 
b joidean ardiea. 

Hitying traced in the examples of cartilaginous flahea selected Ibr 
demonBtnitlon, the progressiTe steps by which the typical featnres of 
the ichihyic flkoll aie modelled^ as by tiie band of the aeolpton io the 
yielding gristle^ we have next to consider them with their leading 
varieliefl, as they are permanently wcongbt ont in hatd bone. 

We saw that the base of the skull was first formed by the anterior 
prolongation of the gdatinons choida dorMdia^ snd that the cranial 
cavity resulted from the extension of the membrane from the dbfous 
shea^ of the gebtinous chorda over the anterior end of the nervous 
axis* We saw next the superaddition of special capsules for the 
organs of sense; and then the cartilaginous tisstnc developed from 
the basis cranii, according to a pattern common to the lowest forms 
of the cla??, and to the embryos of the higher forms which the Cy- 
clostonicf^ poritiuiH'Mily rej)rcsent. We saw the cartilaginin:? ti?sne 
ncquirinL"^ ;i tit un r t^ vture, hardenffl hy superficial osseous grains, or 
t« - * rri , mounting higlier upon the lateral and upper walls of tho 
cranium, and at length entirely defending it: and we then also re- 
cognised the maxillary, mandibular, and hyoidean arches, established 
in a firm cartilaginous material, and on a recognisable ichthyic type. 

"We have next to trace the course and the forms under which the 
osseous material is superadded to, or substituted for, the primitive 
cartikgiuous material of the sknll in osseous fishes ; and the remark- 
able transitional genns Lepidorinn, whom oiganisatiHi I first made 
known under die name of IVotopiemt (xzziil), ofihri the most 
natural and instructive passage in the shape and siruotiire of its 
skull, between the gristly and the boiiy fishiss. 

In the LepidoaiTen oa^fiealion of the eranial end of the chorda 
doraaiis extends along the under and lateral part of its ahealh^ back« 
srards to beneath the adss and aads ijSg, 37. t)> the posterior sHghtly 
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exptaded end of this ossified part mipporiiiig, w in the Squatimi, the 
neuimpophjses of the atlas (Jig. 28. n), the bases of which expand 
and meet abo¥e that end of the oaaified chorda and below the spinal 





AtUi and 
ocdDiul vertebra. 



MiehtOD of LepUaitmt mmiucttm. 

canal. Ossification of the ril>i i)U:^ gheath of the chorda, commencing 
IH>stcTiorly at its under part (11). b), ascends upon the sides as it 
advances forwards, and incloses it above, where it supports the me- 
dulla oblongata, and the lateral bony plates (neurapophyses) called 
ex-occipitals (t6.fi); leaving behind a wide oblique 
ooncaTity lodging the anterior unossified end of the 
'efaorda,' whieh does not extend ftirther vpon the 
*basi8 efaniL' The ex-occipitals (Jg, 27, 26. 9, >> 
expand as tiiej ascend and oonyeige to meet above 
the 'ibfamea magnvm' which they complete. A 
small mass of cartilage CQoneots theur iqpper ends witii eachotherv and 
with the overiianging backward prcjeeting point of the fronto- 
occipital spine (ib. 8). This cartilaginons mass answers to tliebase 
of the siqpra-oocipital in better ossified fishes : a similar cartilage 
eonnects the ex-occipitals with the occipital spine in the Teirodon. 

We dearly perceive in the Lepidosiren that ossificatioQ, advancing 
on the common cartilaginoos mould of the plagiostomons skull, has 
mailed out the posterior cranial vertebra, and not only its nenra- 
pophyses but also its centrum ; tlie neural spine being left in a l^ss com- 
pletely ossified state than in the vertebne of the trunk. The occipital 
pleurapophyses (scaj>ulai, ^^r. 27. 51 ) arc much more developed, and 
appear as two strung, bony, styliform appendages, articulated by a 
synovial capsule and joint, one on each side, to the persistent carti- 
laginous base of the neurapophyses (ex-occipitals), and partly to the 
centrum or basi-occipital. To the lower and less expiiiidcd ends of 
the pleurapophyses arc attached the extremities of the hicnjapo- 
physes (coracoids, yir</. 27. 6^) ; and thus is completed the luemal arch 
of the occipital Tcrtebra, here unusually developed in relation to its 
eflloe of preienting the heart and pericaidinms the bmmapophyaes or 
eoracoids belong to the ssme category of Tcrtebrsl efements as the 
sternal ribs whicb pveteot the heart in bighflrYerteiiraia. Thecostsl 
or hamal arch of tlie occipital T ertebi ' a of the Lepidosiren supports 
an aiq[iendage (Jig. 27. 67), projecting ontwar^ and backwards like 
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tlie simple diverging appendages to the abdominal pleurapophyses of 
better ossified fishes, and like the coftal appendages in the thorax of 
birds ; but it is here oartiliiginous, and consists of many segments. 
It forms in fact the rudiiu' nt (a solitary ray) of the pectoral fin ; it 
is the key to the homoloi^^y of the anterior or upper limbs of the 
higher Vcrtebrata, sll( l^YiTl^^ them to be appendages of the ha;mai arch 
(usually called sca|)ulai ) ol the occipital or posterior cranial vertebra. 

In the second (parietal) and third (frontal) cranial vertebne, oasi- 
fication extends along the basal and along the spinal elementi^ tmt 
not into the neurtl or ktenl eleniMits; tbeee reoMin o rt ilaginoitt in 
eontinnatioii with the curtilage sorroimdiiig the Uurge ca{»iile of the 
internal ear. The hasal osai^cation, representing at its posterior end 
the body of the atlas and the baai-oceipita], expands as It advanoea 
along the base of the akuU in the situatioii of the ephenoid% oonsti- 
tnttflg the floor of the cerebral chamber, supporting the vednUa 
oblongata, the hTpophjais^ the cmra and lobes of the eerebroin, and 
tenninating a little in advance of the olfiKtmy lobes by a broad 
transTcne maigin, bounding a triangalar space left between it and 
the conTdging palatine arches, which space is filled by cartilage 
representing the vomer. The occipital part of this basi-cranial bone 
may be defined by a slight transveise depression, where also termi- 
nates a median longitudinal groove, traversing the under part of the 
thus defined occipital portion of the bone ; and indicating, like the 
correi?ponding membranous fissure in Ccstracion, the primitive place 
of the cranial end of the chordrt, Tlw expanded sides, originally 
;ir( h( 3 of the cartilaginous portion, bend down to abut against the 
bases of the pterygoid plates. In this expansion of the basi-sphenoid 
the Lepidosiren resembles the Plagiostomes and albo the Batrachian 
Reptiles. 

Two ridges rise from the upper surface of the occipito-sphoiioidal 
plate, near its outer margin, and support the cartilaginous lateral 
walls of the cranium. The cranial cavity is defended above by a 
longitudinal bony roof (ySj^r. 27. 3, 7, ii), nearly co- extensive with the 
bony floor beneath ; the roof commences behind by the spine or point 
which overhangs the ex-occipitalS| gradually expands as it advancei^ 
resting upon the cartilaginous wslls of the cranium, is then suddenly 
contracted, and is united anteriorly by fibrous ligament to the ascend- 
ing process of the paUto-maxillsry arch, and to the base of the nasal 
platen A strong sharp crest or spine rises from above the whole of 
the middle line of the cranial roof-bone^ which may be regarded as 
representing the mid-frontal, the parietal, and supra-occipital bones, 
or, in more general tenu^ the neural spines of the three cranial 
vertebras but this supra-cranial bone not only covers the meduUa 
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QbloDgata, oerebenmn, optic lobes^ pineal aaa, and cerebral hemi- 
spheres, Init also tlie olfactoiy lobes. The lateral caiiilaginoiis walls 
of the craninm are continued forwards from the aeoiistic capsule 

between the basal and superior osseous plates : the part perforated 
by the fifth pair of nerves, and protecting the side of the optic lobes, 
represents the great ala of the sphenoid : the next portion in advance, 
protecting the sides of the cerebral hemispheres and perforated by 
the optic nerve, answers to the orbital ala of the anterior sphenoid : 
and the cartilage terminates by a part which is perforated by the 
olfactory nerve, and which abuts laterally against the ascending or 
palatine process ol the maxillary arch. 

The outward cirtengion of the lateral cartilages of the cranium 
downward.-., in the form of a broad triangular plate, the apex of 
which forms the articulation for the lower jaw, is like that wliich 
see in the Chimaera ; but ossification has extended along two tracts, 
which ooiiverge as they descend, one {^g, 26. 38) firam behind to 1h» 
outer, the other (ib, 98) from before to the inner side of the carti- 
laginons maxillaiy joint, which these bony plates strengliheii and 
support like the bocks of a book. The posterior of these bony arches 
is obviously the honiologue of the tympanic pedicle in the Squatiua: 
the anterior bony arch as plainly answers to the pterygoid buttress in 
osseous fishes ; but it is hero confluent wifb the coaleioed palatine 
and superior maxillary bones, the dentigerons part of which extends 
outwards, downwartls, and backwards (y%r. 29. ai), but does not 
Ji9. reach, as in the Sharks and Rays, the mandibular 
joint. From the Upper part of the palato-maxillary 
portion a compressed sharp process {ib, 2o) ascends 
obliquely backwards, and terminates in a point : the 

Cranial ipino* and . . , ^ . • i i i i i v 

oppe rjaw of L€jh- inner side ot tins process is closely attachen by liga- 
ment to the fore and outer part of the frontal por- 
tion of the epicranial bone (ih. ii) ; the outer side of the process is ex- 
cavated for the reception of the outer and aiittrior juoccss of the 
remarkable bone, which in my Memoir (xxxiii. p. o34.) I have 
compared with the post-frontal bone. This bone {Jiy. 27. 12), in con- 
nection with the ascending process of the maxillary {ib. ao), forms the 
upper part of the orbit, and behind this connection it sends out the 
post-orintal process, beyond which it extends backwards, freely over' 
bunging the fronto-occipital, and gradually decreasing to a point» which 
terminates just above the occipital sf^ne, in the position of the mas- 
toid, in bony fishes, and giving attachment to the anterior end of the 
great dorso-lateral muscles of the trunk. This bone is flat aboTe like a 
scale, and from its superficial position might be classed, like the similar 
VOL. u. o 
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bones which project freely backwards fr<»iu ti c occiput of the Fistularia, 
with the (lernuil skeU?ton : the strung t«jmporal muscle is uttuchcd to 
the two suii'accrf, divided by llic ridge on its inferior pait : it is 
movable up and down upon its anterior ligamentous union. In ita 
relative poaitioii and fancticuis, it combines the characters of post- 
frontal and mastoid ; and» since the basilar elements of these cranial 
▼ertehrsB are confluentt and their spinal elemoits also form one piece, 
{Jig, 29. 4» u), we may here also have an example of a similar con- 
fluence of the parspophyses of two distinct vertebne. The mid- 
frontal ifb, ii) constitutes the anterior part of the epicranial bone» 
which is connected with the post-frontsl and the cartilage perforated 
bj the olfaet<»7 nerves and representing the pre-finontals. 

A more remarkable and less easily determinable bone is that tri- 
angular horizontal plate {ib. 15), the broad posterior base of wlii< ]i in 
attached by ligament to the mid-frontal, to the p<»t-frontal, and to 
the pre-frontal processes of the piilato-maxillary arch ; wliibt the 
apex forms the anterior xt:\ mity of tlie cranium, and supports at its 
uuiler part two vertical sharp-pointed teeth. 1 originally comparr^ it 
to the combined nasal and intermaxillary bone?' ; but I now n gard 
the craiiial structure of the Mitrtenido', in which the intcrmaxillaries 
are absent, and the nasal l>one dentigerou:*, as giving the true key 
to the special homology of the bone in question. This nasal bone 
is movable, up and down, upon its basal joint, and reminds one of 
the similarly movable and attached appendage in the CaUorhynekuaj 
the free end or apex of which is beset at its under part with several 
small teeth. 

The triangular vomerine^ or prefronto-vomerincp cartilage doses the 
anterior and under part of the cranial cavity, and supports the origins 
of the olfactory nerves^ which perforate it in their passsge to the 

cartilaginous nasal capsules. 

Each ramus of the lower jaw {Jig* 27. 39) is composed of an 
articular and a d( ntary piece, the latter anchylosed together at the 
sympliysiji, and eomi)K tinfi: the inverted tympano-mandibular arch. 
The articular piece is a sim]v1'' slender plate, strengthening the outer 
part of the articular concavity of the ^aw, and closing the outer 
groove of the dentary, along wliich it is continued forwards to near 
the symphysis, where it ends in a point. The articular trochlea is 
formed by a persistent cartilage, which penetrates the cavity in the 
dentary, escapes from the fore-part of tlic groove on the outer suriace 
of the dentary, and joins its fellow, in a small cartilaginous mass, 
which fills the hollow in iVont of the symphysis. The dentary piece 
has the notched and trenchant dentinal plate anchylosed to it^ and 
sends up a strong coronoid process. 
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Behind the tjmpanic pedicle is the pre-opercular bone {fy* 27. 
34)^ dongsted, pointed at both ends, triedral, ^ith the outer sur- 
face concave : its lower two^thirds is attached by ligament to the 
mandibular or tympanic pedicle. Behind and below this is an in- 
equilateral triangular bone {ib. 37) closely attucheJ by ligament to 
the PxpanJed cranial end of tlie liyoidean arch : tin? I oridnally 
U<^< ribcd as the styloid bone; it may be the homologue ol the inter- 
opercular.* 

Only a single ' cerato-hyoid' {ib. ao) i8 ossilied on each Bide: they 
complete the arch by the ligamentous junction of tlieir luAver extre- 
mities, having no intervening basi-hyal : their upper expanded ends 
arc suspended by a short ligamentous mass to the cartilage imme- 
diately behind the tympanic pedicle. 

Hie eajpaoles of the organs of sense are of nearijr equal ^ ; the 
eje is the smallest ; the nose the largest Hie aconstie denies are 
principally buried in the lateral eartilages of the skull ; but one of 
the otoUthes protnidea tlupongh a moderatelj wide hole into the cranial 
eavitj. The eje-ball occupies the apace between the pre- and post* 
frootals above, and the outward prolongation of the maxillary below; 
its capsule, the sclerotic^ is cartilaginous. The nasal capsules {ib. 19) 
are also cartiisginous, with vertical slits closed by membrane; thej 
are situated on each side and below the nasal plate. 

You may periiaps think that I have b^n biased by the extrinsic 
intere>4t of personal discovery, in dwelling so long upon the cranial 
structure of thf Lr-piilosiren ; but I persuade myself tliat the actual 
value and intriuriic importance of this remarkable type of Ichthyic 
orjjanisation. will jtiftify the time and attention wc have bei n Ix- 
stowing upon it. The skeleton of the Lepido.siren affords the right 
key to the complexities (»f tlmM the typical and better ossified 
fishes. T believe it u» ituuute.st, ii|.on the whole, the highest grade 
whieh attained in the class of Fiahes, in the direct progress to 
perfection, or, in what may be termed the Vertebrate high road* 

The true or typical osseous fishes deviate from this road into bye- 
paths of their own, and superadd endless complexities of which we 
shell seek in vain for homologous parts in ReptileB» Birds, or 
Mammah. Therefore it is, that, on the whole, the Lepidosiren's 
skeleton presents the closest resemblance to that of the lowest class 
of Beptiles, though it Wen therefrom both by a little less and a 
little more development : the vertebral centres of the trunk, for ex* 
ample^ have not risen above the embryonic state of soft confitx n c ; 
but secondary spines have been superadded to the neural and benml 

* Aga&siz regards the prc-opercular in fishes us the houmloguc of the styloid. 

g2 
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Spines; ft post-finmtal extends, like a bonj seale^ above the roof of 
the cranium, and over the stronj^ temporal muscles, which are at- 
tached to the inner surface of that hone, as to an exo-skcleton ; and 
one or two opercular hones arc superaddod behind the simple pe- 
dif'lc of the jaw. But the single concave surface i)rcsented by the 
basi -occipital t«> the vert^ lnn- of the trunk, the lower transverj^e \n\t- 
cesse» {parapophyses) ol liie uhduuiinal vertebrae, and the articulation 
of the .sca|)ulo-coracoid aich to lU proper cranial vertebra, afford 
unequivocal evidence that the Lcpidosiren is a true Fish. 



LECTURE V. 

THE BKCLL OF OSSEOUS FISHES. 

Havhtg noticed the principal facts in the development of the skull in 
tlie embryo of an Osseous Fi?*h, and the several stages at which that 
development is arrested, or diverted to acquire special modifications, 
in the Cartilaginous Fishes ; and having dwelt more particularly on 
the instructive semioaseous, semicartila^nous skull of the Lepi- 
dosircn, I proceed, in the present Lecture, to the demonstration of 
the complex skull of the Osseous Fishes, whicii constitute the great 
bulk and the typical members of the class ; and, for tliat purpose, I 
shall lake one of our hirgest and most common species — the Cod-fish 
( Gadus Morrhua) — in which you may easily repeat the observations 
and test the conclusions about to be submitted to jron. In describing 
the general fbnn and oomposition of this skuU, aceording to my views 
of the homologies of its constituent bones, I shall also indicate the 
most instructive and remarkable modifications of the skull in other 
Osseous Fishes, and notice those which, stopping short of the acqui- 
sition of the most cbaracteristie features of the fish's dcull, lead more 
directly to the cranial type of higher Yertebrata. 

The head b larger in proportion to the trunk in Fislies than in 
any other class of animals ; it forms a cone wliose base is vertical, 
directed backwards and joined to the trunk without an intervening 
neck, and the sides three in number, one superior and two lateral and 
convcrpin^ downwards : the cone is shorter oi- lon;?er, more or less 
c' Tn pressed, more or less depressed, with a sharper or blunter apex, in 
diiicrcut species. The ba^e of the i»kuU is perforated by the foramen 
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magnnm ; the apex is more or lees widely and deeplj deflt tnns- 
Terselj by tlie apertnre of fhe month ; the orhits are lateial, large, 
and usnsllj commnnicating freely with one another ; and there are 
also two lateral flssores behind, called gill-^rtnrefl» with a mecha- 
nism for opening and closing them. The month recdTes not only 
the food, but also the streams of water for respiration, which escape 
by the opercnlar or gill-i^iertures. The head contains not only the 
brain and organs of sense, but likewise the heart and the whole re- 
spiratory apparatus. The inferior, inverted, lisemal protecting arches 
are frreatly developed accordingly, and their diverjrin;:: or radiated 
Bp|ji ii'];iL'<> -ufipurt membranes re-acting njHin the -urrounding fluid, 
and more or iess r niplfiyed in loeorm-ition : one ](uir, in fact, is the homo- 
lon:ne of the pectoinl extremities in higrher Vertcbrnta, and the sus- 
tuinuig (scapular) arcii trequently also supports tiie homologues of 
the pelvic extremities. Thus jaws and tongue, hoart and trills, arum 
and legs, may all belong to the head ; and the disproportionate size 
of the skull, and its firm attachment to the trunk, required by these 
fonetitwi^ are precisely the conditions most favourable for facilitating 
the moTcments of the fish throngh its native element. 

It may well be conceived, then, that more nnmerous bones enter 
into the formation of the skeleton of the head of Fishes, than of any 
other animals. Most of liiese bones preset the sqnamons character 
and mode of nnion, being flattened, thinned of^ and overlapping one 
another like scales; and althongh the skull, as a wholes has less mo> 
bili^ on the trunk than in higher animals, more of the component 
bones enjoy independent movements. 

The piincipal cavities, which are formed by this assemblage of 
bones, are, the * cranium,' lodging the brain and orgrans of hearing ; 
the * orbital* and the * nasal* fossie ; the * buccnl' and the ' branchial* 
canals. Few of these cavities are well detined, and in no class of 
animals is tlie exterior of the skull so broken by irregular depressions 
and prominent spines and protuberances. Tfic Tipper suriace of the 
cranium is commonly traversed by five longitiiilinal crests, inter- 
cepting^ iV»ur eliannels : the principal crest is the meciian one, formed 
by the trontal and occipital bones {Jiy. 19. 3); next to this is the 
pair formed by the parietals (t7», 7) and par-occipitals ; and the 
lateral pair of crests is formed by the post-frontuls and mastoids 
{ib. 12, 8) : the intervening depressions lodge the anterior origins 
of the great muscles of the back and of tiie scapular arch ; very 
rarely do the temporal muscles extmd their attachments (as in die 
Conger, Lcpidosiren and Symbranchos) to the upper surface of the 
eranium. The upper border of the orbit sometimes sends off strong 

o 8 
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angular processes; the lower border of the orbit, when present, 
projects freely downwards ; and tlie posterior border of the bony 
operculum is often produced backwards in tlic form of spines. 

It would seem an almost hopeless task to attempt to arrange 
naturally and determine satisfnetorily the numerous buutis of this 
most complex part of the skeleton of Fishef*, so as to convey as clea.r 
and tenable a knowledge of them as the Anthropotomist does of the 
Iiuman skidl : we need but glance, indeed, at the labours which Com- 
parative Anatomists of the highest ment have bestowed on the cra- 
niology of Fishes, in order to ftppcedate its diAeQlt7, and at the aame 
time ito importance. By these labourfl» however, of which the best 
Bummary will be foand in Cuvier's great work on Beoent Fiahea 
(xxm. t. i.)y and in Agasais's most valuable and original History of 
Fossil Fishes* (zzn.), not only has the descriptiTe osteology of the 
head of Fishea been rendered as complete and minnte as that of the 
human skuU, but it may be truly averred to be more intelligibly 
more philosophical, more agreeable with the natural arrangement 
and true signification of the series of bones of which that complex 
part of the skeleton is competed. It must be confessed that, in this 
respect, lohthyotomy, m true anatomical science, is at present in ad- 
vance of Anthropotomy. 

After an attentive study of the oi iginal authors in this fiekl of 
Anatomy, teptini: their extensive series of comparisons of the per- 
manent forms of the skull in the liigher Vertebrate classes, and the 
transitory fa^tal conditions of each, with the results of ray own ob- 
servations, i have been led to the following view of the craniology of 
Fishes. 

The bones <^ the skull are primarily divided, in Anthropotomy, 
Into those of the cranium and those <^ the &ce ; bat the proportions 
which these diviaons bear to each other in Man are reversed in 
Fishes. According to this binary dassiflcation, the facial aeries in 
Fishes includes an eictensive system of bonea — the h/oid-^of which 
part only, via. the * styloid ekment,' is admitted into the skull by 
the AnthropotomiB^ who describes it as a process of the * temporal 
bone.' This very * temporal/ moreover, is originally and essentially 
an assemblage of bones, which are always distinct in Fishes and 
Reptiles; and the squamous part» which enters so laigdy into the 

* The general results of the study of the skull of FiKhes are briefly but dearly 
given in the recent eompendiuins of Compermtive Anatomy, by Dr. Cams (vxziv.), 
Pr; r Grnnt (sxYlll.). Prof. Hymcr Jones ( XXIX. ), and Dr. Kb'stlin (xxxv.). The 
generally accepted views of the classification and homologies of the cranial booec 
are those adopted in the very uaeftil '* Elements of the Gompanitive Aaatoia j offlw 
Vrrtchrate Aiiiinals," by the teariiL-d Gbttingen Pimfeaior ( W«gn«w), mHJiy tfUBfltted 
by Mr. Tulk (Longmans, 8vo. 1845). 
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formation of the cranial cavity of man and most Mammals, has no 
share in its formation in the lower Vertcbrata. 

The two classes of cranial and facial bones, having been originally 
founded upon the exclusive study of the most peculiarly and ex- 
tremely modified skull in the whole Vertebrate series — that of Man, 
— their characters, as might be expected, are artificial, and applicable 
to the same bones in only a small proportion of the Vertebrata ; the 
unity of the plan pervading the organisation of which it is the business 
of the Anatomist, properly so called, to demonstrate. 

The bones of the skull of Fishes are primarily divisible into 
those of 

A. Neuro-skelcton ; 

B. Splanchno-skeleton ; 
c. Dermo-skeleton. 

A. The bones of the neuro- or proper endo-skeleton are arranged 
here, as in the rest of the body, in a series of horizontally succeeding 
segments ; each segment consisting of an upper (neural) and a lower 
(haemal) arch, with a conmion centre, and with diverging appendages. 
As the bones, respectively entering into the formation of these seg- 
ments, are the same in relative position, and nearly the same in 
number, as in the typical vertebra} of the trunk — the excess arising 
from subdivision of peripheral elements — the same term ought to be 
extended to those cranial segments wliich has been usually restricted 



so 




DiiarticuUted bonM of the crania) vrrtebrar and *entc-cap(ulei, [the h»mal archei (n, h) and 
ap|H>ndag(>a in diagrammatic otttline.] Cod-flih, Uadut Morrkua. 
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to their neural arches, in which the typical diaracten of the ▼ertebra 
are least departed from. 

The vertebne of the head are usually enumerated in a direction 
contrary to those of the trunk, because, like the Tertebtoae of the 
tail, they lose their typical character as they recede from the com- 
mon centre.* The names of the cranial yertebne are taken from 
those applied in Antliropotomy to the bones composing thdr neural 
spines, and the names of the neural arches from the significant terms 
lately given (xxn. t. i. p. 145.), to the primary segments of the 
brain, wliich thpy respccti^ elj ])rotoct. 

Each cranial vertebru, r r natural segment of the skull, is divided 
into a neural arch, witli wiiic]i the centrum and parapophyscs are 
always moTQ immediately conuected, and a ht&nal arch with its 

The neural arches are:^ 

N<M» of eoropooent bones in the Cuu, 
L Epencephalic arch (1, 2, 3, 4) ; 

II. ^lesencephaUc arch (5 to 8) ; 

III. Prosencephalic arch (9 — 12); 

IV. RhinencephaUc aich (18— 15). 

The ho mal arches are : — 

i. Scapular, or scapulo-corjK oid (50 to 52); 

ii. Hyoid or stylo-hjoid (25, 38 to 43); 

iii. Mini 111 ulur, or tympano-mandibuiar (25 — 32); 

iv. Muxiiiary, or palato-maxillary (20 — 22). 

ITie appendages of the h^mal iu ehes are : — 

1. The Pectoral (54 to 57) ; 

2. The Brancliiosterral (44) ; 

3. The Opercular (^4— 37); 

4. The Pterygoid (23, 24> 

a. The bones of the splanchno-skeleton constitute : 

/■ The ear-capsule or petrosal, and otolite (16, 16") ; 

^ He eye-capsule or sclerotic, and pedicle (17) ; 

^ The nosensapsole or Srthmoid, and turbinal (18, 19) J 

' The branchial archea (45—49). 

• We find the l«ading oondition of these terminal modifications of the vertebral 
at b^h ^dl " ^ ^ ■hri»k» and reoedw eamipetaUy 
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c. The bones of the dermo-skeleton are : — 

Not. of bones. 
Supra-temporab - - - 71 

Supra-orbitals - - - - 72 

Sub-orbitals ... 73, 73' 
Labials ----- 74* 



SUFEBIOB (nEURAX) ARGUES OF TOE CRANIAL VERTEBRiE. 

■ 

The first series of endo-skdeta! bones constitutes the axis or back- 
bone of the sknU, as the rest of the Tertebml neural arches do that 
of the trunk ; and it includes and protects theeneephalon or anterior 
expanded extranitj of the great nerrous axis. The under and 
upper parts of the annular segments are conunonlj formed by single 
and symmetrical bones, as in the vertebral axis of the trunk ; but 
aometimeiy even in the present low elass, tiie expansion of the cranial 
cavity is accompanied, not only bj a transrersc development, but also 
by a median division of the upper piece or key-bone of one or more 
of the protecting arches. 

Though subject to various degrees of anchylosis, the cranial ver- 
tebrae always accord in number with the primary ganglions or rlivi- 
sions of the enceplialon in Fislas. For the better understanding of 
this inii)ortant relation, I may premiise that the hrain of Fishes con- 
sists of four primary divisions succeeding eaeli otlier in a linear 
series horizontally, which, viewed from behind forwards, are : — 

1. The medulla oblongata, with the superimposed cerebellum, or 
the ' cpcncephalon.* 

2. The third ventricle with its upper (pineal) and lower (hypo- 
physial) prolongations, and the superimposed optic lobes, or the 
* mesencephalon.' 

3. The cerebrum proper, or * prosencephalon.' 

4. The oUactocy ganglionic or chord-like prolongation of the 
cerebrum^ or 'rhinencephalon.* 

In most osseous fishes^ as in this disarticulated skull of the Cod 
{Gadtu Morrkua), the bones encompassing^ or in vertebral relation 
with, the epencephaloo are dx in number {Jig. 80. and Jig. 81. i.). 

r 

• In the human skull the only hones that can, with :inv prn!nibllity, he rcfi m- 1 
to the dermal system are the 'lachrymal.' 'ilie ■plauchuic system is n^iluct^il tu 
flie eapaulM of the orgnni of tmie, of wbteh only those of die car and nose are 
o<isified. The endo-skelctal bones form the same ninnlHT of ueural and hn'raal 
arches as in the fisht but that of the occipital vertebra is far removed from its cen- 
tnim, aad neither the mandibMlar nor byoidcan ardies retain diverging appcmlagee. 
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Vltarttculated openccpluiUc 
arch, viewed from behlod: 
Gadm$ Morrhmm. 



The first and lowest, cnllcd basi-occipital (ih.\)*, is a short, 
strong, 8uU-rhumboidal bone, sub-cylindrical and truncate postoriorlj, 

where it is excavated to form tho articular 
^f^^'ty? united by a j« lly-filled capsule with 
' ■ ^ ' the corresponding ludlow cone on the ft>re- 
j part of the body of the atlas; tlie anterior 
{X>inted end of the basi -occipital is wedged 
into the basi-sphenoid, fitting and filling up 
the deep posterior deft that bone. The 
bed-ooeipital sopports the 'oUong prolonga- 
tion,* of the spinal chord in the aknll $ and 
on each side o^rs a roogh articular sorfiMse 
for sotoral onion with two lateral bones, the 
ez-ocdpitals (ift. % 8) t behind which the 
basi-oocipita], also, sometimes receives tiie 
Ulteriorly projecting base of the neural arch, of the atlas, which, 
in the Cod, is wedged into the posterior angle between the basi<- 
and ezHMicipitalfl^ and is firmly united to them bj broad sntoral 
surfaces. 

The^rticular cupfor the atlas varies from the deep conical excavation 
seen in the Carp, to the almost flat surface in the Holibut ; it is ex- 
tremely rare to find, as in the Fistularia, the basi-occipital presenting 
a convex surface for articulation with the body of the atlas. In many 
fishes the under part of the basi-occipital is expanded and excavated ; 
in the Carp the under surface of this part forms a broad triangular 
plate, which supports the large upper pharyngeal grinding tooth f ; 
in the bony Gar-fish (Lcpidosteus) the basi-occipital developes two 
plates from its upper and outer angles, which complete the foramen 
magnum and support the ex-occipitals above. 

The ex-oeeipiiab (neurapophyses of the oodpital vertebra, tft. a, s) 
present, in the Cod, the form of oblong, sub-quadrate bones, thick, 
and with two rough deeply indented articular sorfaoes below, but 
expanded and produced outwards above; they encircle the open* 
cepbalon, over-aiehing and often meeting above it, and oompleting 
the contour of the foramen magnum. They are perforated for 
the passage of the nervi vagi, sometimes fbr the Aral spinal or 
hypogloisal nerve ; the foramina being unusually large in the Caip- 



• The and oorrespanding mmibmaod fotttn of tiieboMi of skull 

•M given in the tabular cons))i^tus appended to this LcetUM; the numbcn of tho 
boDM in the text correspond in each of the figures. 

t DeoUgerone prncewi mn developed from the under part of flw eervlcel 
bral eentfce in the CMbtr Moftcr of Lhinviw. 
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tribe (jig. So. 2% wlMce ^Satej relate abo to tbe connection of the air- 
bladder with the organ of hearing, means of the ossicles a, 6, c, 
and e. The ex>occipitaIs urc immovably articulated in the Cod, 
below with the basi-occipital, behind with the neurapophjses of the 
atlas, above with the supra -occipital and the par-occipital.?, and in 
front with the potrous bones, or acoustic capsules, intercalated between 
them and the rili-plK noids. In a few fishes (e.g. Fistularia) the ox- 
occipilals send backwurdrf articuhir processes modified to allow a 
slight movement upon the correi:[-niuling anterior articular processes 
of the neurapupliv ses ui' ilu; atlii.s. Like these elements of thp orJiuary 
vertebra? of some fidhes (e. g. JLepidosirciiy Thynnusy Xypliia$)y the 
bases of the ex-occipitals expand, approximate, and in most osseous 
fishes, meet npon the upper aurfiuse of the be^-oocipital, and inmie- 
dSateljr support the meduUn oblongata ; but sometimes a space is left 
betireen them, which is filled up b^ the besi-occipital *, and in Lepid^ 
otUMMf as I have just observed, the bast-occipital protects the whole 
epeno^haion* 

The wpnL-^iee^pUal (spine of the ocdpital ▼ertebra,>%r.90 1^ 31. a)^ 
of an elongBted rhomboidal fbnn in the Cod, triangular in the Qvp, ia 
articulated by an inferior cellulo-sutural surface, with the summits of 
the ex-occipitals and the mesial angles of the par-occipitala, com- 
pleting the circle or forming the key-stone of the neural arch : it 
usually gends upwards and backwards a strong compressed spine £rom 
the whole extent of the middle line, and a transverse * supra-occi- 
pital * ridge outwards from each side of the base of the spine, to the 
external angles of the bone. In most fishes this bone advances for- 
wards and joins the frontal, pushing aside as it were the parietals : 
in Balistes, the prod in ed part of the supra-oc('ii)ital is even wedged 
into the hinder half oi tlie frontal suture. In the Carp, on the contrary, 
the anterior angle of the supra-oi > ijiiiiil i* truncated, forming the base 
of the triangle, and is articulated by a lambdoidal suture to liie parietal 
bones, {Jig. 35. 7), which here meet at the mid-line of the skull, and 
the upper part of the occipital spine is low and fiattened. The 
supra-ooeipital is also sepanted from the firontal by the parietals, In 
the SelmoDoid, Clupeoid, Morasnoid, and Selanandroid fishes (X^fMsT- 
ostfnw, Ftilypteru$\ and is itself diTided, in LepOotieus, by a median 
suture ; tiiese modifications tell strongly against extending the homo- 

* M. AfMris, wlio bw BOtiMd a limibr interspace between the sunmtlt* of thfl 

CS-occipitaK wt'll between the par-occipitals and sur-occipital above, ob«H>rve8| 
"On dirait alors qu'une large fente roediane entame tout I'occiput" (Poissona 
PoMileB, L p. 1 18.) But tbii eouU only bt affirmed correctly, if tbe bsil-oooipilil 
were likewise divided. Mid tepaialed sloag iSbt nwdian liaa^ of whidi I kaonr not 
any example. 
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logy of the supra-occipital with the supernumi i u r ' infprparietal* 
bone of Mammals, licyond the anteriorly prxnlLUH-ii portion, wiuch, 
however, is not devclofK'd from a separate ceutre in Fishes. 

When the skull is much compressed, the occipital 8i)iue is usuully 
very lolty, and in the Li^ht-horse*man fish {Ephippus)^ expands 
above its origin into a thick crest of bone, giving the skull the 
appearuioe of a heknet ; but in low flattened skulls the splae is much 
reduced, projecting merely backwards in the Pike and Salmon, and 
being sometimes obsolete as in the Remoras in a few instances the 
broad posl^or part of the sapraKXicipital articulates with the neural 
arch and spine of the atlas» and sometimes on the other hand, g, 
in the Holibnt, the entire bone is pushed bj the par-occipitals upon 
the upper surface of the skull, where it manifests tlio loss of symme- 
try by the absence of the expanded plate on the left side of the S|nne» 
which immediately articulate with the left parietal. 

The pnr-0€cipit(ils (j)nr-apophysc«i of the occipital vertcTjra, fig. 30 
and 31. 4, 4), are always wedfred into tbo anrrle? between the ex- and 
supra-occipitals : they are of a 8ub-rliom!)oi(lal or conical form, with 
the base towards the cranial cavity and the apex turned outwards and 
backwards. The outer surfaoe, in the Cod, if traversed oblirjuely by 
a prominent ridge, ending at the lower and hinder projecting angle : 
in the Carp the process is short, and comes from the middle of the 
outer surface. 

In broad and depressed dcnils the par-occipital forms a strong 
crest, and exceeds the ex«ooeipital in sixe: in narrow and deep 
skulls the proportions of these bones are oommonlj reversed, and 
the par-ocdintals som^imes disappear; but in Epkippus^ they are 
as large as tiie ez-ocdpitals. In the Shad the parHtccipitals unite 
with the mastoids almost as in the Chelonia : and in the Poly- 
pterus they become anchylosed to the ez-ocoipitals, as in Batrachian 
Reptiles. 

In Synoduj*, Calliehthys, and Hcterobranclui?, the par-occipital is 
visible only at the back pnrt, not at tlie upper part of the skull. 
Tl\e inner surface of tin* ]>:»r-o ripital, like that of the ex-occipital, 
is excavated for the iotigmcnt of part of the ])ostorior and exter- 
nal semicircular canal of the enormous internal organ of licaring 
in Fishes. The outer projecting process supports tlie upper fork of 
^ the fixst piece of the scapular arch, sometimes, as in Ephipptts, by a 
distinct articular cavity. The parts of the occipitsl vertebra are 
those which are commonly in Fishes the most completely ossified at 
the expense of their primitive cartilaginous bans, and, in the Poly- 
pterus, they become anchylosed into one pieces like the occipital 
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bone of Anthropotomy. All the parts of the occipital vertebm 
arc developed from or ossified in the pre-existing cartilaginous 

cranium. 

The second ring of bones, or that which encircles the mesencepha- 
lon, includes the * basi-sphenoid,' the ' uli sphenoids,' the ' parietals,' 
and the 'mastoids' (Jif/. '60. u. & Jif/. 32.). The bnsi-spheuoid 
(centrum of mesencephalic vertebra, ib. 6), is always connate 
with tiie pre*spiienoid, (t6. 9\ forming with it a long subtriedal 

bone (basi-pre-5pheiioid% usually 
Ufurcate posteriorly, and more or 
less expanded beneath the oranial 
cavity; it is then eontinned for- 
wards (sometimes after sending out 
a pair of lateral processes, as in the 
Perch, more commonly without such 
processes) along the base of the in- 
ter-orbital space to near the fore-part 
w the roof of the mouth : its pos- 
terior extremity is joined by a s<iua- 
mous suture, a.s in Diodon, to the basi -occipital ; or more commonly, 
as in the Cod, is firmly wedged by a kind of double gomphosis into 
the basi-occipital : its expanded part supports the petrosals and uli- 
sphenoids : the prC'Sphenoidal prolongation (9) articulates with the or- 
bito-ephenoids and the ethmoid, when this is ossified, and it terminates 
forwards by a cavity receiving the pointed end of the ▼omer. It is 
this portion of the basi-pre-sphenold which manifests the loss of sym- 
metry in the flat fishes (JPUyroiueiidm), being twisted up to one 
side of the sknlL The baai-pre-sphenoid varies in form with that of 
the head in general, bdng longest and narrowest in long and narrow 
skuU% and the converse ; the whole of its upper surface is commonly 
rough for articulation with the petrosals and ali sphenoids ; rarely does 
any portion enter into the direct formation of the cranial cavity, and 
then, perhaps, e. rj. in the Cod, a small surface may support the pituitary 
sac. When it enters more largely into the formation of the floor of 




laidi «f 

Mwa,Tie««dft«ii1wbliid: 0« 



* The ossification of the basi-pre>spbenoid proceeds from a conunoa centre ; but 
Ibis dkw* not invdicbt* Ha general homology with the bodies of the weond and 

third cranial vertebra, as manifestvd by their neurapopli yscs (alisphonoids ant! orbifo- 
spbenoida) and spines (parietal and frontal), any mure than the oaaification from a 
■ngl* omtre of the common Mtpporting bifurcate bone of the nound and bMud 
spines ol the caudal fin disjirovt-s the inference that that single bone repre«;ents the 
coiiicsceti bodies of the terminal vertebrae to which thase spines belong. The par- 
tially united radius and uIm of the ftog are OMificd limn a common emtra at tbdr 
MaloMod piiHunud ciida> 
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the cranial cavit}% it usn;illj sends upwards a little process r>n each 
side ; or, as in Fistnlana, a transverse ridi^e. The hasi-spheixiid is 
smootli helow, where it is usually flattened or convex, but sometimes 
ifc produced duwiivvardd in the form oi a median ridge, and sometimes 
is perforated for the lodgment of certain mnacleB of the eye-b«lL 
In the Pol/ptems both the tli-sphenoids and orbito-sphenoids are 
anchylosed to the bad-aphenoidy and the result ia a bone that anawera 
to the migor part of the *oa aphenoidea' in Anthropotoinj. Am 
two huge and important hftmal arcbea of the head axe aoapended 
from the paiapophjaea of the aeeond and third cranial vertebrse, this 
seems to be the condition of the fixation and ooaleaeence of the bodies 
of thoae Tertebrac in all Fishes. 

The ali'Sphenoids (neurapophyses of the parietal vertebra, 
ib. 6. 6.) are firmly articulated by broad sutural surfaces to the ex- 
panded gide^ of tlic basi -sphenoid, above wiiich their ba^es usually 
meet and iumiediately support the third ventricle or mesencephalon, 
) or leave an inter8])ace fur its pituitary prolongation, wliich then msts 
1 in a cavity or ' sella' of the basi-sphenuid. In some fishes, e.^. Perch 
and Carp, the baise of each ali-sphenoid rises some way al>ovc the 
basi-sphenoid, and then sends inwards a horizontal plate, which, 
meeting diat of the opposite all-sphenoid, forms the immediate support 
of the mesencephalon, and at the same time the roof of a canal, ex- 
cavated in the basi-sphenoid, and which traToraes the base of the 
skull, below the cranial cavity from before backwards, opening behind 
at the under part of the basi-oocipital \ this subcranial canal exists in 
' the Salmonoids, Sparoids> Scomberoids, and is very remarkable in 
; most fishes with lofty compressed skulls, as the F.phippus : it exists in 
some Chipeoidf, as the Herring, but not in the Salamandrnid Fishes. 
The subcranial canal resembles, but is not hoTnolngous with, being 
ditiereutly formed from, the posterior prolon^^atioii of the nasal pas- 
sages in the Crocodiles, and it lodges some of tlie nuiseles of the 
eye ball. The form of the ali-sphenoids is influenced by that of the 
skull : when thid is low and llat, their antero-posterior cxceedji their 
vertical extent ; in deep and compressed skulls they are narrow and 
high plates; in ordinary shaped sknlls they present either a sub- 
circular form, and are perforated as in the Carp {Ji^, 35. a), or are re- 
niform, the anterior border being deeply notched, as in the Cod 
80.6): thej form a more definite and fixed proportiop pf the Intend 
parietes of the skull than do the petrosals {ib. 16\ which are interposed 
% between them and the ex-occipitals ; and they have thrar essential func- 

tion in sustaining and protecting the sides of the mesencephalon, and 
in affording exit to the second and third divisions of the fifih pair of 
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nerves. The ali-sphenoid articulates in the Cod with the petrosal 
posteriorly, wuh the orbito-aphenoid anteriorly, and witli the mastoid 
and post'frontal above. Wlicre the ali-sphenoid^^ huvt a greater 
velatiTe azo, as in the Perch, and where the less constant petrosal 
decreases or disappears, their eonnectioiis are more extmsiTe ; 
they then reach tiie ex^occipitals, and sometimes even join a 
smaU part of the basi-oooipitaL In the incompletely ossified skulls 
of some fishes, «. the Pike wnd the Salmon trihe, the basal and 
lateral cranial bones are lined by cartilage, which fonns the medium 
of union between them, especially the lateral ones : in better ossified 
fishes, e*ff, the Cod, the union of the all-sphenoids is by suture, partly 
dentated, partly squamous. In the Cod the second and third di- 
visions of the trit^eminal nerve pass out of the cranium by the an- 
terior noteh ; in some other fislien they escape by foramina in the 
aH-s])lienoi(l : a part of the vestibule and tlie anterior semicircular 
canal of the acoustic labyrinth usually encroach upon its inner con- 
cavity, whence some have deemed it to be the petrous bone,* 

The parietctU (spine of mesencephalic arch, Jigs. 30. 32. 7), which 
comply above the osseous dncttire of the most expanded segment of 
the brain in flshea^ are most commonly two in number : in the C jprinoid 
(/ugr. 35. 7) and Salamandroid fishes they meet and unite by a sagittal 
suture ; in theSalmonoids they soon coalesce; and in someSildh»ids not 
only with each other but also with the supra-occipital : in the Pike^ the 
Foch, the Cod, and most osseous fishes, the parietals are s^wrated 
from <me another by the anterior prolongation of the supra-occipital. 
They are always flat, and present much smaller proportions than in the 
hiji^her classes of Vcrtebrata, They are commonly articulated to the 
mastoids oiit\\ nrdly and below, to the supra-occipital above, to the 
frontal betbre, and to tlie par-occipital bchiFid ; sometimes, but rarely 
to the ali-sphenoids. and in a few fishes, as liie Pike and Gurnard, 
where the parietul» ure more than usually developed, they appear upon 
the hinder as well as the upper surface of the skull. In some fishes 
they are perforated by the nervtu kUeraUt which supplies the ver- 
tical fins. The left parietal is broader than the right in the Holibut 
and some other flat fishes (Fteuraneeiidai). The parietals are ossified 
in and from the perichondrium and continuous membrane closing the 
great fontanette of the primitive cartilaginous cranium. 

The matioidt (parapophyses of the parietal vertebra, ib, s) bear 

* Ar, «. ^ Meek«1, Wagner and Ilailnnaa (VerglcidMnds Osteologie tics 
Schlofcnbfine^, p. 55.). KostUn, who approves of thb view, gives liowcver, 
thu name of posterior oli^sphcnoid (biotem ■chtiifen-flugel, xxxv, p. 315.) to the 



Digitized by Google 



96 



LBCTUBE y. 



the same relation to the mesencephalic bony girdle, which the par- 
occipitals do to the epencephalic one behind : and they project oat- 
wards and backwards further than the par-oodpitals^ forming the 
second strong transverse process at each ride of the cianinm. This 
process is developed from the outer margin of tiie mastoid ; the inner 
side of the bone is expanded, and enters slightlj into the forma- 
tion of the walls of the cranial or rather the acoustic cavity, its inner, 
usually cartilaginous, surface lodging part of one of the Bemidroalar 
canals.* It is wedged into the interspace of the ex- and par-occi- 
pitals, the petrosal, the ali-spbenoid, the parietal, the frontal and post- 
frontal bones. The projecting process lodges above, the chief mucous 
canal of the head, and below affords attachment to the opitympanic, 
or upper, piece of the bony pedicle from which the mandibular, hyoid, 
and opercular bones are suspended : its extremity gives attachment 
to the strong tendon of the dorso-hitcral muscles of the trunk. The 
mastoid is osaitied in and from the primitive cartilaginous wall of the 
cranium. 

The basal piece of the third eianial dncture, which defends the 
prosencephalon, is formed by the pre^kenaid (centrum of the fron- 
tal vertebra, JSfft. 80. 88. 9) already described as connate with or 

produced from the basi-sphenoid. The 
sides of the prosencephalon are de- 
fended by ^e mrhUthipkeneidi (nen- 
rapophyses of the frontal vertebra^ 
ilf. lo) : these are osseons plates^ 
usually of a square shape, sometimes 
semicircular or semi-elliptic, as in the 
Cod; lar^frr in the Malacopteri (^V/. 
35. 10) but v* ry small, usually, in 
Acanthopttri, and sometimes repre- 
sented by a descending plate of the 
frontal, as in the GarpiivC, or by un- 
ossified cartilage, as in Mail-checked 
fishes* They are occasionally separated 
from the prc-sphenoid by the all-sphe- 
noid, to which they are articulated be- 
low and behind, whilst above th^ are joined to the frontal and post- 
frontal, completing the anterior part of the lateral waUs of the cranium. 




DtMrticul«ted omiral arch of Aroatal 
vertdira, vtewad flmon tehinS t Ondrn 
JHSmtAim. 



• Thofjreit cavity, * otocrani-,* whicli tlip cx-occipital, par-occipital, ali-sphcnoid, 
ina.stoi(l, and .%uinutiu)«>s the parietal and supra-occipital furin flu tlic Itxigment of 
the cartilaginous orcMNOus proper Moustie eopftule* 'petrosal,' of the great labyrinth 
of fishes, may l»c coinpare<l to the accessary cavity or orbit, wbicb lodgW tbc 
tilagiuous or bony capsule, • aclerotic,' of the organ of vi^iou. 
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In the Carp their bases meet, like those of the ali-sphcTioi(l>, ahmo. the 
sphenoid : when osseous matter is developed in the interorbitiil septuni 
the orbito-sphenoids arc urticnlritnl by their ini<ler :uid anterior part 
to that bone or bones.* Tlic ultuetory nerves puss out ul' the ciknll 
bj the superior interspace of the orbito-spheiioids, and the optic 
nerves bj their inferior interspace, or by a direct perforation ; and 
the es.^ntial functions of the orbito-sphenoids relate to the pro- 
tection of the sides of the cerebrum or prosencephalon, and to the 
transmission of the optic nerves. The orbito-sphenoids frequently 
bound <Mr eompleto tbe fomnen ovale. 

The frontal or mid-firantal bone, (spine of the pzofleneeplialie 
arch, fft. 11), oompleCea the prosen^ cphalie arch abore^ aa the 
aapra-occipital doea that of the epencephalon; but it alwaja entora 
into the formation of the eranial canity, thongb ita miyor part 
fyrms the roof of the orbita, which acoesaaiy function ia the chief 
conditioii of the great expanse of this nearal qpinein flahea. 
Single, and sending up a median crest in the God, the Ephippus, 
and aome other fishes, the frontal ia more commonly divided 
along the median line, the divisions having the form of long and 
broad sub-triangular plates ; narrower in the lofty compressed 
skulls, smaller in those with large orbits, and becomin*]; pjeatly ex- 
panded in the fi-)K s with small and deep-set eyes. Tiie fivntals rest 
in a small part of their extent upon the orbito-sphenoids, but are 
more constantly articulated anteriorly, to tlie nasal and jn-e-frontals, 
nnd posteriorly, with the post-frontals, the parietals, the mastoids, 
auil Irequently also with the supra-ocHprtals : each frontal sends up 
its own crest in the Tunny j, the interspace leading to a foramen, 
penetrating the cranial cavity in front of the single occipital spine : a 
larger fontanelle exists in the Cobitis and some Siluroids between the 
lh>ntal and parietal bones. In the Salamandroid fishes (e. g. Pol^pterus) 
each frontal senda down a Tertical longitudinal plate, which rests 
directly upon the anterior prolongation of the aphenoid, and inter- 
cepta a canal along which the ol&otory nerves are continued forwarda 
to the prefiontala : the lateral parietes of this canal thus fonn not 
only a complete^ but a doable bony partition between the orbits. % 
In the Shad a eorreqtonding descending plate takes the place of 
the orbiUMiphenoid. Jbi most Acanthopteri an olfiMitory groove is 
formed by shorter vertical descending plates from the under surface 
of the frontal. The mid-frontal is single in the Fleurometifke, but 

* The tpeeitlly developed interorbital septum or cranial a^thmoid of Cuvier in 
the Bream and Carp mtslt-d Bojanus into the belief that it waa the body of the 
procencepbalic vertebra (vertebra optica) — Isis, 1818, p. 502. 

t Reminding one of the dottbte B^ne of the newnl txch of the sUm in Tc* 
tndon. I xni., t. IT. p. ISS. 

VOL. U. U 
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lias undergono more nKiililU ation tlian any of" tho proccding l)ones in 
conncctiuu with the general distortion and loss of symmetry of tbe 
head : in the Ilulibut the right posterior uuglc is truncated, and the 
rest of that side scoofied out, as it were, to fonn ths kurge orbit of 
the right side: the left aide of the bone retaina its normal form: a 
median creat, a continoadon of that upon the 8Qpr»-oocipltal» divides 
the two sides. The frontal is developed in and firom the perichon- 
drium and the membrane closing the n^er fontaneUe in the primitive 
cartilaginous cranium. 

The poft/nmtoU (parapophyses* of the frontal Tertehra, Jig*. 
80. 88. IS, 19) obviously belong to the same category of vertebral 
pieces as the mastoids, whose prominent crest thej partly underlie 
and complete, lending tlicir aid in the formation of the single {e. g» 
Cod, Salmon), or double (e. g. Pike) articular cavities for the tym- 
panic pedicle : like tho mastoids they are ossified in and from the 
primitive cranial cartilage; and their inner purface is expanded, but 
this less frccjuently enters into the formation of t lie cranial cavity : 
they fonn the jiostcrior boundary of the orbit are articulated below 
to the orbito-sj)heiioid and ali-sphenoid, above to the frontal, and by 
their posterior and upper surfaces to the mastoid. The area included 
by the i)rosenceplialic cincture is widely open anteriorly, correspond- 
ing with the great anterior membranous fontanellc in the Sharks, but 
this relates more essentially to the fact of the true cranial or neural 
canal not being terminated by the frontal vertebra. 

The circle of bonesf which completes the axis of the skull an- 
teriorly, and protects the olftctory chords or ganglions, consists of 
the * vomer ' below, the ' pre-frontals ' laterally, and the * nasal ' above 
(Jg- 84.). 

The vomer (centrum of nasal vertebra, 
fig*. 80. and 34. 13) is thick and ex- 
panded anteriorly, slender, and terminating 
in a point posteriorly, where it Is wedged 
into the under part of the prc-sphenoid ; its 
antero-lateral angles are articulated to tho 
pre-frontals ; its upper surface supports the 
%S£a-'»l:'::,V;ro;"';;;i;;d:^'' ^^^^^^ ^^^-^ sometimes immediately, some- 
(6-a</w Munkua.) iATosA by ao intervening ethmoidal cartilage. 

• The poshion of the tnnsvene processus fpar-occipitals, mastoids, and post* 
fronUls^ of the foregoing cranial ▼crtebrie, would swm to indicnte them to l)c upper 
ones (diapophyses) rather than lower ones (paraiM)j)liyscs) ; but I know not any 
example of dia}>ophyKS developed as indtpendtnt, autogenous, vertebral elements; 
and wc see the |iarapophyscs of the trunk gradually afiocndiog in position, as thev 
advwM towards the head, in fishct. ' o r # 

t Tlie •■ vertebra olfactoria- of BajjoiuB, who» hoirever, ffmds tbe spine as tbe 
** lamina media Kthmoidei." 
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Tlie palatiDe bones dmt igaliMt tbe expanded anterior part of the 
vomer, the under aide of which commonly aopporta teeth. The left 
nla of the anterior end of the Tomer ia chiefly developed in the 
Holibut and other flat fishes. In the LepidoBteus, the vomer is 
divided into two by a median deft. Although its posterior end 
joins obliquely to the under part of the pre-sphenoidi it is not^ 
therefore, less a continuation of the basi^eranial series than ia the 
post-sphenoid, which joins in a similar manner with the hasi-occi- 
pital.* In the Lepidosiren, avc have ?een the basi-sphenoid confluent 
with the baai-occipital} in the Pol^terus it ia confluent with tho 
vomer. 

The prefrontals (nenrapophyses of the nasal vertebra, 15. 14) 
defend and support, tlio olfactory prolongations of the cerebral 
axis, give passage to these so-called ' olfactory nerves,' bound tho 
orbits anteriorly, form the surface of atUicluiicut or suspension for the 
palatine bones, and through these for tho palato-maxillary arch: 
they rest below npon the prc-sphenoid and vomer, support above the 
fore part of the frontal and the back part of the nasal bones, and 
give attachment to the hu^ antorbital or lachiymal scale-bone, when 
this exists : they are always ossified in and from pre-existing cranial 
cartilage* 

Snch are the essential characters of the bones which Cnvier has 
called ' fiontaux antdrieores *t in Fishes^ and to whidi I sliaU apply 
the name of 'prefrontal' in idl classes of Vertebrate animals. In 
the Cjprinoids, and most Hidecoids, the prefrontals form part of an 

intororbital septum. When aneliylosis begins to prevail in the cra- 
nial bones of Fishes, the prefrontals manifest their essential relation- 
ship to the vomerine and nasal bones hy becoming conliuent with 
tliem: thus we recoj^nise the prefrontals in the confluent j)arts of the 
nasal vertebra of the Conger, by the external groove conducting llio 
olfactory nerves to the nasal capsules, and by the inferior pruce:»» 

* Straus, however, argues it to be an appendage Arom that mode of union 
(xxxvi. i, I. p. SSS.). 

f ** Deux Jrontaux anierieuret^ qui dooncnt passage aux nerfs olfactifa, ferment 
les orbitcs en avant, s'appuyent sur le spb^noide et le vomer, et donnent attachp par 
unc iacctte de leur borde inferieure aux palatins." {Lefona ttAnat. Comp^ ii. I837» 
p. 606. ) Compare this enunciation of the essential characters of the aoterior fron- 
tals with Cuvier's descriptions of tho bones to which he applies that name in Other 
classes, and with the variable determinations of the same tmnes by other anatomiste 
kurymal, GcofTroj and Spix ; lamina wbrota omw tthmotdei of Jk^nut} 
mttH^ rt'idUfthu, Meckel, Wagner. Without at present entering into the raipee* 
ttve merits or demerili of thmc determinations, I shall only state that the pre- 
inmUls, under whatever names they are described, are esscntialtj the neurapophysee 
of the nnsal vertebra, and that the ikilure in the attempt to delennlne the special 
homologies of thcw iNNiea imiy* ia erety ««ee^ bo traced to tho noa-appreeiatioii of 
their tnie gcncnl homology. 

U 2 



Digitized by Google 



100 



firom which the palatine bone is suspended.* In the Muratue, al8<s 
the prefrontals are plainly confluent witk the nasal bone, and form 
the weU-mnrked articular surfaces for the pnlato-maxillary bone. In 
some fishtis a procc^^ of tlio prefrontal circumscribes the fonimen by 
which tht' olfactory nerve finally emerges from the anterior pro- 
lonj^ation of the crnnio-vertebral canal. In the Carp the olfactory 
nerve traverser a deep notch on the inner side of the prefrontal 
(Jiff. 35. 14). In the Cod the f)alutine arch is chiefly but not wliolly 
HUHpended to the prefroutul;*. The right prefrontal is the smallest in 
the uosynimetrical skulls of the flat-fishes. 

The ncual bone (spine of the rhinenccphalic arch, ^gt, 30. and 
84 is) is usually single, and terminates forwards in a tUdi elituse 
extremity. In some fishes, as the iSStilsioiitid^ the nasal is hroad, 
but not deep : in Istiophorus it is long and narrow: in the Dit- 
tobolet and LoplMroMekH it is a short Tertiesl eompreased plate : it 
is altogether absent in the Lophius^ or is represented hereii as in the 
Diodon, bj a fibrous membrane retaining the piimitiTe histological 
condition of the skdeton. It is articulated above and behind to the 
firontal and prefrontals, and below dther directly or by a vertical 
cartilage, as in the Cod, to the yomtr. In the Inlying Gurnard the 
nasal has no immediate connection with the vomer; but this is a 
rare exception. In most fishes the nasal cavity is more completely 
divided by the nasal bone into two distinct lateral fossfle than in an/ 
other class of Vertebratp*. 

The backward prolong ition of the usuallj enrtilaginous, somotimos 
membranous interorbital st^j iinn, in wliich one (Cf/prinmt, Gadax) or 
more (Pfrm) oj-seous plates may bo present, intervenes between and 
more iiiimediately supports the olfactory nerves. In the Salamanriroid 
Fishes the nasal is divided by a median suture. The horn-like pro- 
jection from the fore part of the skull of the JS^iscus miicurnui is 
formed chiefly by a process of the frontal bone, to the under part of 
which a small nasal is ardcniated with a trifid anterior end, the 
lateral divisions of which articulate with the premaxilUries, as in 
G^finm, The anterior end of the nasal is deepest in those Fishes 
which have a small maxillary arch suspended from the cranial axis 
by yertical palatines^ and which haye a large ban-cranial canal. 

The turbinate bones (fy, 30. lol), or osseous capsules of the nose^ 
are situated at the sides or above the nasal : the pre-maxillary and 
the maxillary bones are usuallj attached to its extremity through the 

* Id tlM Conger, Cttviw' noogiiiMi the prefrontals m pcniftcDt corttlagci. 

> Op. cit. p. 2SS. 
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medium of a symmetrical cartilage*, wliich is articulated with the fore 
part of tlie nasal bone, nnd oxtenda forwards to the interspace of the 
upper ends of the prc-ui;ixiilarics. This *pre-na8ar cartilag^c often 
forms a septum between the two * ossa turbinata : ' it it* partially 
ossified in the Carp. 

In the Mmnmidm the nofmal elementB of the fourth or chincn- 
oephaiks vertebra ooelesce into a single boae: the pro-firoDtab or 
neuiapophTsial dements are plainly manifested, as has been alread/ 
obsenred, bj the arttonlar snrfiuses which stand oat in front of the 
orbits for the suspension of the palato-maxillary arches : the spine 
or nasal bone forms the usual obtuse expansion at its anterior extre- 
mity, immediately beneath the skin of the upper part of the snout, 
and it supports teeth, as in the Le|ddosiren : it is intimately oooflnent 
anteriorly with the centrum or vomer, the limits being indicated by 
the interruption of the median series of Tomerine and nasal teeth. 

SBNSB-GAPflinAS. 

Tlic scnsc-capsulei? arc so intercalated with the sic ui al arches, which 
arc modified to form cavities or orbits for their reception, that the 
demoD8trati<m of the sknll win be best facilitated by describing them 
before we proceed to the luomal arches of the cranial vertebra. 

Acoustic capsule, or Peiro8al^ {Jig. 30. 16). 

We have seen that the first developed cartilage upon the primitive 
membranous walls of the ekull forms a special protecting envelope 
for the labyrinth, which alone constitutes the oigan of hearing in 
Fishes (Ammoceteif fig, 24. 16). In the progressive accumulation of 
cartilaginous tissne upon the base and sides of the cranium, the ear- 
capsule loses its individuality, and becomes buried in tlie common 
thick basi-lateral parietes of the cranium. It is bk-ndud with that 
persistent cartilaginous part of the skuU in the Lepidosiren ; but, in 
the better ossified Fishes, when the osseous centres of the neura* 
pophyses of the cranial vertebras begin to be e?taV)lished in that car- 
tilaginous basis, a distinct bone is likewise, in rno^t oasci^, developed 
for the more express defence of the labyriutiu Since, however, 

* Thit it rcf(ardcd bjr aome honologWto as th« body of a fifth efwiial vertebra; 

lint frcini it«( relations to the n.-isnl bono it would have better cl.iims to bo considered 
the spine of sucb, if there were sufiicient grounds fur admitting vrrtvbral segmentt 
beyond tbe iumI one : and tbe ccpbalie refpoo of the akeleton might well dilfcr, 
like the cervical nnd other regions, in the ntimbcr of it* vertebral aegments J but I 
have not found good evidence of sucb variation. 

f Seeker^ CavicT ; nrp&i^ GcofRoy ; pan petreaa o$ai» tempoHt of Anttmipoloiny. 
The nature of tlu' • os petrosum ' as an envelope of the acoustic bulb, ami its 
jicrial liomologjr with the sclerotic capsule of tlie optic bulb, are clearly enunciated 
by Prolvnor dc BlBUiville, in tbe lint part of hb gnitt « Oatctiinphi^" 4ta 1839b 
pp. 13. SS. 
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functions arc less Bpccialiaed, less confined to tho particular organ 
ultimately destined for their performance in the lower than in the 
higher classes, we find in Fishes several bones taking part with the 
epeeial acoiytie eq^rale In tlie lodgment of tiie labTrinth ; and it it 
only in the higher Vertebrnta tlutt the capsule, under the name of 
the 'petrous bone^' entirelj and exdoeiTely envelopes the labTrinth. 
Its ossification conunenoes later than that of the cranial nenrapo- 
phjaes^ in the series of Osseous Fishes: tfaeie are species (e.^. FSke) 
in which, after the ez-oecipitaIt» aU-^faenoida^ and orbito-sphenoids 
have received their destined amount of ossification, the petrosal 
still remains in the cartilaginous state : it is very small, yet never- 
theless exists in the Carp {fig» 35* 16) and Bream, where Cuvier and 
Bojanus* describe it as a dismemberment of the mastoid: in the 
Perch, however, where the petrosal is a little better developed than 
in the Carp, Cuvier recognises its true homolopry '• it is somewhat 
larger in the flat-fish (e. g. Ilolibut), and in tlie Cod tribe attains 
an equal size with the ali-sphcnoid, which it resembles in form, 
except that the notched mar^jin is posterior {Jig- 30. 16). Here it 
forms the jx^stcrior hitoral wall of the cranium; articulates below with 
the basi-occipital and basi-sphenoid, above witii the mastoid and par- 
occipital, behind with tho ex-occipital, and before with the ali- 
sphenoid: it supports the cochlear division of the labyrinth con- 
taining the otolites. The cavities (otocranes) lodging the petrosals 
and oigans of hearing are completely separated firom each other, and 
are formed, on each sid^ bj the ex-occipital, par-occipital, sH- 
sphenoid, mastoid, and post-frontal : thej are sometimes closed ex- 
temaUy, but open widelj into the cranial cavi^. 




Cnnium of a Carp. 



The optic capsule, or sclerotic, {Jtg, 2Xk 17) like the acoustic cap- 
sule, is cartilaginous in all Chondropterygiana, and also in the semi- 
osseous fishes, as the Lopidosircn, the I^phius, the Lophobranchs 
and Plectognathcs. In most osseous fishes it is bony, and commonlj 

* xxvn. p. 5b4. tab. 7. figsl I. mmI 5. 16. 
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consints of two hollow hemispherokl pieces, each with two opposite 
tiiiat p-iiiatiuns ; the inner oae« circumscribinjr tho bnlo, (analogous 
to the meatus internus f>f the petrosal,) for the enti > of the nerves 
and vessels to the essential parts of the orgaa ot vision ; and the 
outer or anterior emarginatioud supportintr the cornea. As this 
part of the skeleton of the head retains its pi iuiiuve hbro-niembranous 
condition ill Man and Mammalia, it is called the sclerotic coat of 
the eye ; and the osseous plates developed in it in Birds, nian^ 
lieptiles, and Fishes, are termed * sclerotic bones.' It bears, 
howwee, tiie stuue essential relation to the TaaQiilar and nervous 
parts of tbe ofgan of sight, which the petrous hone does to the 
organ of hearing, and which the turbinate bones do to the organ 
ctf smdl : the persistent ind^ndenee of the eje-capsuley which has 
led to Its being commonly overlooked as part of the skeleton, rdates 
to the requisite mobility and free suspension of the organ of vision. 
In the Cartihiginous Fishes, however, it is articulated bj means of 
a pedicle with the orbito-sphenoid. The osseous cavity or ' orbit ' 
lodging the eye-ball is formed by the pre-sphenoid, orbito-sphenoid, 
frontal, post-frontal, pre-frrntnl, and palatine bones : it opens widely 
outwards, where it is, often, further circumscribed by the chain of 
* sub-orbital * scale-bones below, and, but less frequently, by a 
snpra-orbital bone above. The bony orbits in most fislies com- 
municate freely together, or ratlier witli that narrow prolon^jation of 
the cranial cavity lodginpr the olfactory nerves : but, in many 
Muhicoptcriy e. n. the Shads an<l Krtfthrinus, tin (Jit/iarinm and 
IIijdroci/OHy tlie Si/nhr(tn<:hiis, and the genus i'l/prutm (Jiff- 35. 18), 
an os,seous 8ei)tum divides the orbits. In the Lepidnsteus and Poly- 
pterus the orbits are divided by a double septum, formin;^ the proper 
walls of the olfactory prolongation of the eranium^ as we shall lind to 
be the case in the Batrachia. 

The bony capsules of the organ of smell present the same division 
into cranial and nasal (aikmoidalyjiff, 35. ib, turbinaltjig, 30. 19) por- 
tions, in Fishes as in Man, and, as in Man likewise other bones, the 
vomer and nasal, f<v example, contribute an accessary protective func- 
tion. All the parts of the proper capsule are cartilaginous in cartila- 
ginous and semi-osseous fishes ; the ethmoidal part continues cartila- 
ginons in many osseous fishes, closing the fore part of the cranium, 
assisting to form the interarbital septum, and contributing to support 
the olfactory nerves in their exit (rom the skull. When ossificaUon is 
established in the ethmoidal cartilage, it is usually confined in fishes 
to the cranial end, forming there a single symmeti ical, slender, bifur- 
cate or sub-quadrate piece, usually perforated by th*^ olfactory 
nerves ; but never in two distinct pieces corresponding to the two 

u4 
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nerves. The elhnio!«l fnrms a slender vertical conii)rcssed plate, ex- 
panded and Itifurriit ■ above, in tlic Perch : it is a broader and larger 
plate, hvut u\Hm it.seh, with tiie concavity upwards, in the Cyprinoid 
(Jiff. 3j. 18) and Siluroid Fishes, where it artieulates below to th« 
pre-sphenuid, behind and above to the uibitij-sphenoidR, and above 
and before to the fVontals and prefrontals, and forming the chief 
pai t of tlie iatcrurbital septum.* 

The cartilaginous capsules of the terminal or pituitary expansions 
of the Ofgaa of smell are, proportioaaUy, large in the Chondroptery- 
gians and the Lepidoairen. They fom a dngle tul^ with interrupted 
cartilaginous parietes, like a trachea, in several of the Cyclostomes; 
and the interpoeed memhranous alita are preaent in the Lepidodren 
(J^, 27. 19), where^ as in all the higher fi^esi the olfactory capeuks 
43eaae to he confluent, as the ethmoid ia^ hut form a pair. 

The iurAiMaU 30. 19\ or hones which are developed for the 
more immediate support of each olfactory eap8ul(% in osseous fishes, 
are generally thin, more or less elongated, and turbinated scales, 
situated at the sides of the nasal bone and of the ascending pro- 
cesses of the premaxillaries ; usually free, but in the Gurnards arti- 
culated with the prefrontals and nasal, and in the Cock-fi.sli (An^- 
rrinstis) susficmhi} above the nasal bone, from the unti^rior prominence 
of the irontal spine. 

IkFEHIOB (U.d^MAI.) AUCIIES OF TUB CilAMIAL VfiBTKBILB. 

Tbese^ though apparently more nnmerous than the vertebral centres, 

• Okcn and Bojanuf rrpirdod tlic ethmoid as tlic body or centrum of their third 
(anterior) cranial vertebra ; and M. Agassit, combating the vertebral tlieory of the 
•kullf My* — " Ainsi ijuc M^rait dans cctte hypoth^M^ Is cph^noidc principal, Ira 
(^nnd(^s nilcs du i^henoide, ct rcthmoidc, qui formcnt pntutnnt le planehcr do la 
cavitc c^-rcbralu ? Ilea ai>ophy!>i ? Mais, les apophyses nc prot^f;ent les centres 
flenrenx que in c&t^ et haut Des corps ocs vvrtibrcs ? Mais ils se aoot 
formi'"? sniT? le concoTirs de l.i rorde dorsak- ; II^j nc pciivcnt done pas ctre des corps 
dtn \ertebrcs." {I^ittont fwite*^ t. i. p. '22y. ) The ethmuid. however, fonns the 
anterior wall, rather than the fleer of tlie cranium ; and aoee it b related in all 
Vertehmtn to the support and protection of the olfactory or;ran, it enters into the 
category of the * Cap^uU-s of the organs of special kcnsc*,' with the petrous and 
aelcfode bones i>n<l ''^'^ i^^o ihat of tiie neural arches or vertcbrnl coverings of the 
ctTLl'ro-'.ji'Mial uxis. J'lie nrpumcnt of 31. ApassiE \vfn:lil f^ood, if chancre of 
position im ohcd an essential distinction of a Iwjne, i. c a liitlercnt homology, and 
a eonaequent change of name ; but M. Agassii fiada no diflleulty in detematnini^ 
the frontal and the paric-tal boius in all Imiiy ft hci, notwithstanding tlu'ir variety 
of prop<irtion and position. Therefore, in detcrniining and expressing their speciid 
homology, by the arbitrary names borrovred from Anthropotomy, why should not 
their general hontrology as spines of the prosencephalic and mesencephalic vprtehr?r 
respectively Ijc recognised ? If M. Agassiz could show modificationn of the rrlntictns 
of the frontal and perietal bones, so that they thereby ceased to be recognisable as 
stieh, tlicii also tlu'ir more essential and -r ru ral characters Blight bc M otMCUied 
to aiibrd grounds fur rejecting their vertebral homologies. 
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correqpond whh tfaem and tlie neural arohes, and m eaMnttall j torn 
in number in the osseous flsheB; vb. the * palato-naxillary/ the 

* tjmpano-mandibular,' the * hyoidcan,* and the * scapular.' Most 
fishes havei likewise, appendages^ which diverge or radiate from these 
arches. A special (visceral) syatem of bonj arehes, called ' hranchial,' 
also persists in fishes^ for the support and movements of the gills* 

Palato-mcuUlary Arch {Jig, 30. u, iv, 20, ai, 33). 

I am induced to regard this as essentiallj one arch, from its con- 
dition in the Lepidosiren and Plagiostomous fishes, and from the cir- 
cumstance of its being completed or closed at one point only, viz. where 
the premaxillaries meet or coalesce. The palatine bones are the piers 
of this inverted arch, and their points of suspension are their attach- 
ments to the prefrontals, the vomerine and the nasal bones. The arch 
is completed by the maxillary and premaxillnry bonc!?, the s^niipliysis 
of the latter forming it.-* apex; and it is inclined forwarils, nearly or 
quite parallel with the base of the skull ; which, in most fishes, ex- 
tends to the apex of the arch, tuul in some far beyond it, being usually 
more or less closely attached to it. In air-breathing Vertebrates the 
arch is more dependent, circumscribing below the nasal or respiratory 
eanal. The pterygoid bones project badiwarda and ontwards as the 
appendages of the palato^maxillaiy arch* Both maxillary and inter« 
maxiUarj bones tend by their peculiar development and independent 
movement in bony fishes to project freely outwards, downwards, and 
haekwards. We find, at least, that the general form, position, and 
attachments of the single and simple palato<niaxtllarjr arch, in the 
Ltpidodren or CeUradont are represented in most osseous fishes^ by 
their several detached bones, the names of which have been just men- 
tioned, and which I shsll now proceed to point out and describe as 
they recede from the parts of the vertebra to which they are sos* 
pended ; taking as before the Cod-fish as the type. 

The palatine (pleurapophysi,^ of nasal vertebra* ^17. 30. 20) is an 
inequilateral trianj^nlar bone, tiiiek and strong at its upper part, 
which sends olf two processes ; one is the essential point of sus- 
pension of the palato-maxillary arch, and artieulMtf ^ with the pre- 
frontal and vomer at their point of union ; the otiier is convex, and 
passes forwards to be articulated to a concavity in the superior 
maxillary, to which, in all Fishes, it affords a more or less movable 

* To Bujaiiut liclongs the merit of having first enunciated this gencml liomo- 
logieiil relation, in his description of tab. xii. fig. f 4. of his famous monograph. 

" pnlat'iniitTV «<'M n^^fu corpori Tuijim vertcbr.-v (mthmoidalis seu capitis quart*} 
.-ippensa." (^Anatome Te»tudinit Etiropet<gf p, i4. ) 
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joint. In the Pnirot-fislics and Diodons the nrticulation is quite 
analo<rmis to that of the mandible below with the tympanic pe<lifle. 
In tlic Solamaadroid fishes it is a fixed suture. In the Shad the 
palatine articulates with the premnxillary as well as the maxillary. 
In the Mormjrus the palatines meet, and unite together at the 
median line. The posterior angle of the base of the palatine is 
attached, in the Cod, by short and strong^ lig;ament« to the prefrontal. 
Tlic thin posterior and inner border of the bone is joined by liga- 
ment to the ento-pterygoid, and its outer angle is dovetailed into the 
pterygoid. The pilstine oontribtites to form the floor of the orint and 
the roof of the mouth ; in many hshes it supports teeth, but is eden- 
tulous in the Cod. It Turies much in form in different spedes; is 
slender and ehmgated in the wide^mouthed Toradons fishes, as the Pike, 
and is short and hcoad in the broadoheaded, small-mouthed fishes. 

The maxittafy (bnmapophysis of nasal Tertebray Jfy, 80. si) is 
usually a small edentulous bone*, ooncealed in a fold of the skin 
between the palatine and premaxiUaty : it lies, in the Cod, posterior 
to and parallel with the premaziUary, which it resembles in form, 
but is longer and thinner in roost osseous fishes : the expanded and 
bifurcate end of the maxillary is produced inwards rather than up- 
wards, BXkd forms a socket on wliich the ascending or nasal process of 
the premaxillary glides ; a posterior tubercle at this end is attached to 
the palatine, and ligaments connect the same expanded end to the 
nasal, the tiirbinnl, the vomer, and the premaxillary : tlip lower and 
hinder expanded end of the bone is attached by stroiiL' ' 1 1'^tic liga- 
ment, in which a labial gristle is developed, to the corouoid process 
of the lower jaw. 

In the Salmon tribe the maxillary is joined to the hinder and 
lower end of the short premaxillary, forniing with it a continuouis arch, 
and it supports teeth; this normal and higher character of the 
maxillary t prevails also hi the Clupcoid fishes, and is here Illustrated 

in the great Sudh {Jig. 36.). In the i%e^ 
tognatki (Globe-fish and File-fish), the 
maxiUaries coalesce wholly or in part with 
the premaxillaries. In the Lepidotteut the 
contraiy condition prevails: the premax- 
illary and maxillary bones constitute, in- 
1)1 riu i.u-cibnncsof p»iato- dcod, a siofflc dcutigerous arch or border 

n>axilUry arch (ilrApafmagf^oi). ^ /, • v «J j 

of the upper jaw, but are subdtTided 

* The 0§ mjfMtaeeum of ivktbjotomist8. 

t Ciivier 6nt iveogniMd the ipiMfal homology of the ' os myataceum ' by ob. 
tenriag it> inodiftcotioM in Uw mIokmi. 
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Snto many bony ^Htcaa, » oondition wlueh teemB to Iuto preTailed 
in aome of the ancient extinct Salamandroid fishes ; for example^ the 
genus of the 01d-Bed*6andstone^ which I have called Dendrodus, 
In the Polyptertu the nutzillary is large and undivided on each side ; 
It snf^fMurts teeth, and sends inwards a broad palatine plate to join the 
vomer and the palatine bone ; thus acquiring a fixed position and all 
the normal features of the bone in higher animals. The maxillary 
bone is very diminutive in the SihirolJ fishes, and appears, with the 
premaxiilary, to be entirely wanting in certain Eels (Murrcnidis). 

The premaxillart/, or intermaxillary bone mal sj)ine of nasal 
vertebra, 30, 22), one of :i -yinrnetrical pair in tlie Cod and most 
other osseooB fishes, is moderately long and slender, slightly curved, 
expanded and notched at both extremities : the anterior end is bent 
upwards, forming the nasal process, and i» ultached by lux ligaments 
to the nasal bone and prenasal cartilage, to the palatine, and to the 
anterior ends of the maxillary bones. The premaxUIaries are 
movably connected to each other by their anterior ends ; the nasal 
processes are separated by the prenasal cartilage, the lower or outer 
hra&cfaes prqject freely downwards and ontwards : the labial border 
of each premaxilkry is beset with teeth^ whilst the maxlUary bone is 
quite edentntoos in most osseous fishes^ as in the God. By those 
who may regard the prenasal cartilage as a vestige of a fifth onmial 
▼ertebra the premaxUIaries may be viewed as its inferior arch : bat such 
an arch would be incomplete, widdy op^ ; the piers or crura diverg- 
ing, instead of converging^ to unito> like otiier inferior or liasmal 
arches. Sn the Diodon the premaxillarles and their lamellated dental 
apparatus coalesce and constitute a single symmetrical beak-shaped 
bone : INIiiUer also found a single prcmaxillary in the Mormyrus. 
The confluent premaxillnrin.s constitute the sword-iike anterior pro- 
longation of the snout in Xipkias, and arc firmly and immovably 
articulated with the pre-nnsal and maxillary bone?, in both tho 
Sword-fish and the Garpike. The premaxillarics are cunnnonly 
more extended in the transverse than in the vertical direction, which 
latter most prevails in Mammals : but there are many examples in 
Fit»hes where their development is equal in both directions. The 
vertical extension, which forms the nasal branch of the premaxillary, 
is of unusual length in the fishes with protractile snouts, as, for ex- 
ample, in the Picarels {Memdm}, the Dories (Zetu), and in certain 
Wiassesy as Corwuv, and especially the Epibulus, or S^rm in- 
ndiaior of Pallaa (Jig. 37, 22).* In this Ash the nasal branch of 

* Sec Cuvicr and Valenciennes, Fllst. «1o<; Pfti«;«!nps, f. tIv. p. ". 'IIm- liypo- 
tympaaic or suspensory pedicle of the lower jaw is there colicd tlie * malar ' bone. 
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the intermaadUaty (tft. 93') plays in a groove on the upper surface 

of the skull, and reaches as far back as 
the occiput when the mouth is retracted. 

The descending or maxillary branch is 
attached by a ligament (iA. 252"), longer 
than itself, to the lower end of the max- 
illary bone (ib. 21.), and consr(iuently 
draws forwards tliat bone, together with 
the lower jaw, to wliich the same end of 
the maxillary is attached by ligament, 

^ . . , when the long nasal branch of the pre- 

MachMrim of protrMtlon and Ntrac- .„ - ■, . * ^t. • 

tiM^or th« msntb {^iMm tmUi. maxillary gudes forwards out of toe 

cranial groore in which it vaoaUj lies. 




The protractile action la fhrther favoiured hy a peculiar 
tion of the hypo-tympanic (ib, 98), which, bj its great length and 
movable articidatioii at both end8» oo-operatea with the long pre- 
maxillary in the sadclen prvjeetion of the month, by which this 
fish seiaea the sniaU, agile^ aquatic insects that oonstitnte its prey. 
In the Lophhi9 the nassl processes of the prenuudUaries enter a 
groove in the frontal : in the UnoMcopus they also reach the fWmtal, 
playing upon the small nnsal bone and pressing it down, as it were^ 
upon the vomer. In the Dnctyloptervs they penetrate between the 
nasal and the ▼omer, and play in the cavity of the rhinencephalic 
arch. 

The small bony piece situated above the maxillary in some Hale- 
coids (Trout, Herring) and Lucioids (Pike) seems to belong to the 
series of mucous or scale bones : the Flying (iurnard {Dacty- 
loptcrns) has two delicate cartilages in a similar position, and the 
Sviuna uquila a large labial cartilage in the angle of the mouth, 
attached to the lower jaw. 

The Diverginf/ Apjirudfif/c of the palato-maxillary arch consists, in 
Fishes, of the pterygoid and cntopterygoid bones, which, as they are 
the least important parts of the arch, so are they the least constant : 
they are wanting, for example, in the Synodon, Flatjstacus, Hydro- 
c^on, and Lophius ; are connate with, or indistmgnishahle from, the 
palatine in most Safanonoids and Eds ; wliilst in the Murma a single 
bone^ the pterygoid, exists, but is disconnected with the nuudUary 
arch. Most Fishes, however, present, as in the Cod, the two bones 
above named. 

The ento-pterjfgmd {fig, 30. 98) is an oblong, thin, scale-like bone^ 
attached to the inner border of the co-adapted halves of the palatine 
and true pterygoid, and increasing the bony roof of the mouth in 
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the direclioii towards the median line. It is edentulous in the Cod 
and nuwt other fishes, but is richlj beset with teeth in the ArU' 
paima gigcut. It principally constitutes the floor of the orbit, ite 
breadth depending much upon the depth of that eavitj ; it sometimes 

is joined by its rnednn margin to the vomer aiul pre-'^plienoid, as in 
the Cod-tribe, Cut'i -ti il>e, and Flat-fishes ; and to the basi-sphenoid 
in Lejndosteiis, Kri/thrinus, and I\fiypterus, and then divides the 
orbit from the month j but more commonly a vacuity here exists in 
the bony skull, iiiled up only by mucous membrane in the recent lish : 
in Vpeueus, Polyprion, and Chetlmis, for example, the ento-pterygoid 
does not join the batii-sphenoid ; and in Lophiua it appears to be 
wanting. 

The pterygoid • {Jig. 30. 24) forms in the Cod an inequilateral 
triaagnlar plate, but more elongated than the palatinei with wbieh it is 
dovetailed anteriorly ; it beoomes thicker towards its posterior end» 
which is truncated and firmly ingrained with the anterior border of 
the hypo-tTmpanie and pre-^rmpanic bones ; its lower border is smooth, 
thickened and ocncaTe % edentulous in the Cod, but more frequendy 
supporting teeth, as in the Perch. The pterygoid and palatine appear 
to form one bone in the great Sudis {Arapaima ^igai^Jig, 86. 90, Si) : 
and they are confluent in the Eel tribe. Ln the Conger the compound 
bone is articulated anteriorly to a short lateral process of the vomer, 
and posteriorly with the hjrpo-tympantc : it is very large in the 
G>Tnnotiis. In the Muraona the palatine processes of the vomer 
do not exist, and the fore part of the long pterygoid is attached 
by ligament to the sides of the vomer, behind its expanded dentin 
gerous part. 

The ten bones of which the palato-maxillary arcli is conijiosd in 
Osseous FiiLcd are, in tiie Cod and most other species, so dispersctl, 
in relation to the peculiar movements of the mouth, as to appear like 
three puiuliel and independent arches, succesi^ivcly attached behind 
one another, by their keystones, to the fore pai t of the axis of the 
skull, and with their piers or crura suspended freely downwui tln and 
outwards^ except those of the last or pterygo-palatine aieh, which 
abut against the tympanic pedicles. The dmplification or confluence 
of the two first of these spurious arches is effiacted in the Salmcnoid 
Fishes, by the shortening of the premaxiUary, and by the mode of its 
attachment to the maxillary, which nc»w forms the larger part of the 
border of the mouth and supports teeth : the maxiUaries are brought 

• Well argued by Dr. Kostlin not to be, as Cuvier supposed, the homoluguc of 
tb« * ot tiiDffciiiiai ' of IUiililc«.^sxxT. pp. 931^ aS9. 
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into close articulation with the palatines in the Plcctognathes, and the 
consolidation of the whole eeriesi into its normal unity is effected in 
the Lcpidosircn. The palatines lorm the true base* of the inverted 
arch at their points of attachment to the prefrontals; die intemuml- 
kries constitute the tme apex, at their mutoal jmietioii or symphysis ; 
tlie approzimatioii of which to the anterior end of the axia of the 
akoU ia rendered poasible in flahea, bj the absence of any air-pasaage 
or nasal canal; the pterygoids are the diverging i^pendagea of the 
arch*; but are attached posteriorly to strengthen the pedicle sop- 
porting the lower jaw, and combine its movements with those of the 
upper jaw ; just as the bony appendages of one costal arch in Birds 
associate its movements with those of the next. 

T^pano-mandihular Arch (Jig, 30. u, ui, SS— 88). 

Tins presents its tme inverted or heemal chiu>actcr; its apex or 
key-stone formed by the symphyaial junction of the lower jaw hang- 
ing downwards freely, below the vertebral axis of the skull. The 
piers, or points of suspendon of the arch, are formed by the epi-tym" 
panics {fig. 30, 2fi), or upper pieces of the tympanic pedicles (pleura- 
pophyscs of the prosencephalic vertebra) : each epi-t}'Tnpanic is 
articulated to both the post-frontals and the mastoids, and is (livid<'<l 
nrtifioially accordinijly in fig. 30. ; its articular surface is formed in 
the Cod by a sin*jle elongated condyle ; in many other fishes by a 
double condyle, one lor each of the above named cranial parapo- 
phyaes. In the Diodon the upper border of the cpi-tympanic is ar- 
ticulated by a deeply indented suture to the frontal, the post-frontal 
and mastoid bones ; its posterior margin supports, as in many other 
fishes, a circular articular surface for the opercular bone. Below 
the condyle, the epi-ty mpanic in the Cod hectmies compressed lateral^, 
but is much expanded from before backwards. The almost constant 
bifurcation of both ends of the epi-tympaoie in osseous fishes^ for ar- 
ticulation with two cranial parapophyses above, and suspending two 
inverted arches below, make it appear like a coalescence of the upper- 
most pieces of boih those arches. In most fishes the lower end is 
bifid, and supports two inverted arches, the mandibuhir and the 
hyoidean ; the stylo-hyoid being attached near the junction of the 
epi-tympanic with the meso-tympanic. The contiguous ribs of the 
Chelonia are immovably connected together to ensure fixity and 

* By Bojanus thcj were regarded m the ribs of thff leeond (|Nuri«lal) vertebra of 
the heed. (^msIoim IVMiaj* Eminptmt yf, 44.) 
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atrcngtli to the carapace : the bulky apparatus suspended from the 
parietal and frontal vertebra; demanded the additional strcngtli to 
the supporting axis wliieh is gained by the conllucnce of their 
bodies, and apparently by the confluence of the proximal pieces of 
the pleurapopliyses by which the two haemal arclicH are suspended 
from those vertebne. The anterior division of the epi-tympanic 
piece articulates wiiii the pre-opercular (34), the meso- tympanic 
(ae), and pre-tympanic (27); the posterior division is again bifur- 
cate in the Cod, supporting part of the pre-opercular and part of the 
opercular bone. A strong crest projects fVom Us outer surface in 
this and many other fishes. The epi-tympanic is simple at both ends 
in the Carp tribe. 

The meithiyn^nic (J!ff» dO. »}, or 'sympleetio' of Cnyier, is 
a slender, eompressed, stightly curbed, elongated, triangular bone» 
arttcnkted by its upper part or base to the epi-^rmpanic and |^ 
opercular ; bj its lower end to the inner side of the hypo-tympanic^ 
reaching ahnost to the mandibular trochlea; and by its anterior border 
to the pie-tympanic. The upper part of its posterior border is free^ 
and gives attachment to the membrane that fills up the vacuity 
betwera it, the pre-opcrcular nnd liypo-tympanic bones. The 
ineso-tympanic is confluent with the epi-tympanic in the Siluroid, 
the i\Iunrnoid, and some other fishe? ; but does not join the epi- 
tympanic in the Lepidofiteufii being in that Ikh supported by the 
pre-opercular. 

The pre-tt/nijHiuie {Jig. 30. 27), to which pnrt of the f^n^iunsory 
pedicle of the jaw Cuvier restricts the name 'cai^se' or ' tvm- 
panicum*,* is an oblong bony scale, with the posterior niarjjin thick- 
eiit tl and grooved for the reception of the fore part of the mcso- 
tympanic and the upper and fore part of the hypo-tympanic It is 
confiueat with the hypu-tympuoic In the Conger and Muranm : it 
does not join either this or the meso-tympanic in the Lepidosteus. 

The hypO'tympanic {Jig, 80. ss) is a triangular pbite of bone, lilte 
the epi-tympanic reveised, bearing the articular convex trochlea for 
the lower jaw upon its inferior apex, and having its upper side or 
base more even than the opposite base of the epi-^mpanic* The 

* 1h\» b perliapt one of the best examples of the mtent to which Cuvier was 

influenced by tin.- idea or principle of homology, when a determination liad origin- 
ated from his own comparisoai ; few of the names imposed by Geoti'roy St. llilairc, 
in tanSism&tf n^tN bb peeuliar yww%, leem mow oventniiiicd thai the tnnsferenee 
of the tiaiiif arid signiiicntion of the little process supporting the cfir-tfrnni in TT)an 
to a unall segment of a strong pedielct wholly deprived of the proper tympanic 
ftttwtion, and with which tlio homology of Ut« huoMii tjrmpanic proeeM of tbo 
temporal bone can odIj be established by taking the pedicle of the lower jaw In 
Fishes as a whole. 
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posterior innr<rin of the hypo-tympanic is grooved for tlic reception of 
the part ol' the prc-opcrcular (;J4), its inner side is excavated for the 
insertion of the pointed end of the meso-tympanic (26), and the 
anterior angle Is wedged between the pre-tympanic (27) and the 
pterygoid (24), and is firmly united to the latter $ the trochlea is 
slightly concave transversolj, gootox in a greater degree from before 
backwards. The Sparut intUKaiar^ or Sly-bream {Eptbuku, Cut.), 
presents the most remarkable modification of the hypo-tTmpaaie 
(J^* 87. so) i it is much elongated and slender, carrying the lower 
jaw at an unnsnal distsnce from the base of the skull, and It is itself 
movably connected at its upper end with the meso^tympanic Thus^ 
in the extensive protractile and retractile movements of the mouthy 
the under jaw swings backwards and forwards on its long pedicle, as 
on a pendulum ; the lower jaw being further supported or steadied in 
those movements by a long ligament, extending fimn the pre-oper- 
culum to its angular piece ( /?//. 37. /, 3o), 

T^Y tlie confluence of tlie mcjo-tympauic with tlic fpi-t^'r^^p^U!i< , and 
of the prc'tynipanic with the hypo-tympanic, in the Kel tribe, the sus- 
pensory }>edicle of the lower jaw is reduced to two pieces, as it is in 
the Batrtichid. In the Lepidosiren it is represented, as we have seen, 
by a single osseous piece; but this I regard as the homologue of only 
the lower half of tlie pedicle in the MuratiiSy viz. tiie coiillut:ut 
pre-tympanic and hypo-tympanic pieces. This progressive simplifi- 
cation, or diminuti^ of the multiplied centres of oeidfication of die 
tympanic pcdiele of Fishes, even within the limits of the class, has 
mainly weighed with me in rejecting the CuTierian Tiew of its special 
homologies : according to which, not only the squamo-temporsl bone 
and the malar bone of higher animals^ but also the * symplectic* — a 
peculiar icbthyic bone^are superadded to tiie * tympanic* or quad- 
rate bone of Reptiles and Birds, in the formation of the suspensory 
pedicle of the under jaw of Eldies. Ascei^ng to the higher gene- 
ralisations of homology, we see in the tympanic pedicle a serial re- 
petition of the palatine bone ; and, in both, tlie ribs or pleurapophyses 
of contiguous vertebrm specially modified for the masticatory func- 
tions of the arches they support.* 

The mandibhy or lower jaw (hrrmapophysis of the frontal ver- 
tebra 30. 29, 32), is the lower portion of the arch, being; arti- 
culated to the hypo-tympanies above, and closed by a ligamentous 
union or bony symphysis with its fellow at its lower end. The term 

• The division of tlie pleurapophysis of llie frontnl vertebra into four tympanic 
piec» no more decoys its individuality than docs the divinon of tbe maxillary bone 
in I^cpidofteut the individiMHljr of that bonei 
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* ramus ' is applied in anthropotomy to each half of the mandible, 
and each mmiis consists of two, three, or more pieces in diflerent 
fishes. Most commonly it consists of two pieces, one (hannupophysis 
proper), articulated to the suspensory pedicle, and edentulous, ana- 
logous u> tht; maxillary; and the other (haemal spine) completing the 
aicli, and commouiy supportin;^ teeth, like the premaxillary. In the 
Cod, and some other Ushes, a third small piece is superadiled, at the 
angle of the posterior piece. That (iZi. 20) which forms the sig- 
moid concavity adapted to the tympanic trochlea is termed the ' ar- 
ticular pieoe h seiulB upwards a pointed coronoid process, to -wMcth. 
the ligament from the maxillary bone, and the maaticatoiy muaclea 
are attached ; one short square plate downwards, to join with the 
angular (ift. 3o) ; and a long pointed process forwards, to be sheathed 
in the deep notch of the anterior piece. This (as) is characterised 
by the teeth, which, when present in the lower jaw, are always 
supported bj it; whence its name of the 'dentaiy piece.* The 
dentary is always deeply excavated, and receives a cylindrical car- 
tilage* from the inner side of the hypo-tympanic, and the vessels 
and nerves of the teeth. The great Sudis 38.) and the Foly- 
pterus have theiqpliiit-like plate ss 
along the inner surface of the 
ramu?:, answering to that which 

Camper and Cuvicr have un- . . , ^ . 

tortunutely called ' opi rculaire, 

in the mandible ui Keptiles, but to whicli 1 have given the name of 
'spleniuT to prevent the confusion from the synonymy willi the true 
opercular buues of Fishes ; and in both Sudis and Lepidosteua there 
is superadded a smuil bony piece {ib, 29 a), answering to that which 
Cuvier calls the ' sur-angulaire ' in Keptiles. These modilicationB, co- 
existing with the true opercular bones, demonstrate the fallacy of the 
idea that those bones are much developed homdogues of the postericw 
pieces of the lower jaw of Reptiles ; an idea which could never have 
been entertained by its propounders, had they appreciated the ge- 
neral homology of the opercular pieces, as the diverging appendage 
of the htemal arch of a cranial vertebra. 

The Diverg^ Appendage of tiie tympano-mandibular arch con- 
nsts of the bones which support the gill*oover, a kind of short 
and broad fin, the movements of which regulate the passage of 
the currents through the branchial cavity, opening and closing the 
branchial aperture on each side of the head. The first of theee oper- 
cular bonea^ which forms the chief medium of the attachment of the 

* M. Agassis observct tlimt this MTtilage is the " reste de rancicn arc embryonal, 
autour duqud lea pi^eca OMeiMCa aa aoot developp^'* (xxu. i. p. 138.) 

VOL. U. I 
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uppcmlugc to the supporting arcli, is the prc-opercular {Jig> 30. 34), 
which is usually the longest in the vertical direction, if not tiie 
largest of the bonea : it oommonlj presents a cresoentic or an angular 
form ; it is sometimeB bifurcate above, as in the Cod, and with the 
lower slender angle continued downwards and forwards to beneath 
the hTpo-tympanic. In the Gumards^ or ' mailed-eheeked' Fishes^ 
the pre-opercolar is articulated with the enormouslj developed sub* 
orbital scale-hones. 

Three bones usually constitute the second series of this appendage : 
the upper one is commonly the largest and a triangular fomi» thin 
and with radiated lines like a scale : it is the opireular {fig, 30. 3r>): 
in tlie Cod it is princii)ally t'onncrted with the posterior margin of 
the pre-opercular, and below with the tub'Opereular {ib. 36) ; but it 
has usually, also, a 'partial attachment to the outer angle of the epi- 
tympanic, nnd is sometimes {Diodori, Loji/iius, Anguilla) exclusively 
snsponiled therefrom. In the Lophius pisentorhis the opercular is a 
Imig ar)d strong bone susiMinded vertically from the t on vox epi- 
tympanic condyle, and with a lonjr and slender iin-ruy procetxling 
from the back part of that joint. The sub-opercular forms the chief 
part of the opercular fin by its long backwardly [nvMhiced lower 
angle. The sub-opereuhir bone in the Conner is j*oua n^dueed to a 
mere ray, which curves backvvai'ds and upwards like one of the 
branchiostegals. The opercular itself, though shorter and retaimng 
more of its laminated form, also shows plainly, by its length and 
currature in the Eels, its essential nature as a metamorphosed ray 
of the tympanic fin. We have seen that all the framework of thb 
fin bad the form of rays in the Kagiostomes. In Murana the small 
opercular bones articuUite only to the under half of the tympanic 
pedicle. The snb-operenlar is wanting in the Shad. The lowermost 
heme, called the inter-cptreular {fig, 30. 87) is articulated to the pre- 
opercular above, to the sub-opercular l)ehind, and usually to the bade 
part of the mandible ; it is attached, alao^ in the Cod by ligament to 
the cerato-hyoid in front. The interopercular and preopercular 
are the parts of the appendage which are most elongated in the 
peculiarly lengthened hoEul of the FiUularku 

Hymdean Arch {Ji(j. 30. n, n, 88—43). 

The third inverted arch of the skull is the * hyoidean/ and \^ sus- 
pended, in Osseous Fishes, through the medium of the epi-tytnpumc 
^ bone to the mastoid ; and I regard it as the costal or Iiajnial arch of 
k the parietal segment or vertebra of the skull.* The iirst portion of 

• BojnnuR, stuHy'mj* the vertebral homologies of the lirnf? in thr fn-^h-vratcr 
tortoise, deemed the cornuA of the hjoid to be the Ust costal arch ut tbe skull, and 
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the areh, stylo^hyal (pleurapophjsia^ in part, <tf the mesencephalic 
vertebra, JSg. 30. as) is a slender ttylifomi bone, which is attached 
at the upper end by ligament to the inner side of the epi-tympanic, 
close to its junction with the meso-tym panic, and nt the lower end to 
the apex of a triangular plate of bone, which forms the upper portion 
of the great cornu, or hajmapophysial part of the arch. I apply to 
this second piece, which is pretty conr*t;int in fi^lte.% the name of epi- 
hyal (lb. 39) : the third longer and stronger piece is the ceratO" 
h^al {ib, 40). 

The keystone or body of the inverted liyoid arch is formed by two 
small toub-cubical bones on each side, the hasi-hyals (ib. 4l). Tliese 
complete the bony arch in some lishes : in most others there is a 
median styliform ossicle, extended forwards from the basi-liyal sym- 
physis into the substance of the tongue, called the glosso-hyal {ib. 42), 
qt *0B Unguales' and another sjmmetriea], bat naually triangular, 
flattened bonc^ which expands as it extends backwards, in the middle 
line^ from the basi-hyals ; this is the urthhyal {ib. 43). It is con- 
nected with the symphysis of the coracoids, which closes below the 
Iburth of the cranial inverted arches, and it thus forms the isthmus 
which separates below the two branchial ^rtures. In the Conger 
the hyoidean arch is simplified by the persistent ligamentous state of 
the stjlo-hjal, and by the confluence of the basi-hyals with the 
cerato-hyals : a long glosso-hyal is articnlated to the upper part of 
the ligamentous symphysis, and a long compressed uro-hyal to the 
under part of the same junction of the hyoid arch. The glosso-hyal 
is wanting in the Muretnophis, 

The Divcrrjing Appendage of the hyoidean arch rotnhr? the form 
of .simple, clonf;iited, slender, slightly curved rays, articulated to de- 
pressions in the outer and posterior innr^rins of the epi- and cerato- 
hyals ; they are called * branohiosteL': or gill-cover rays, because 
they support the inem])rnne which closes externally the branchial 
chamber. '1 in> number of these rays varies, and their presence is 
not constant oven in the bony fishej : there are but three broad and 
liat rays ui the Carp ; whilst the clupeoid Elops has more than 
thirty rays in each gill-cover : the most common number Is seven, as 
in the Cod {Jig, 30. 44). They ate of enormous length in the Angler, 

■ddiadotltd OUtUlM of it to wmplete \n% Vertdira oceipitalU, in xxxviir. tab. xii. 
fy. 32. B I. He bad not Ijecn prepared by tlu' ni)rinal position of the true htemal 
arch of the occiput hi fishes, antl bv the examplv of the extreme displacement to 
which a hcxiual arch and its «ppeiMi«gcs may be subject, as in the case of the pelvis 
and pelvic fin in fisht-<. to rt-coj^nise the true hiemapophyws of tlio occiput in the 
displaced scapular urch. iiujunus considered the " pterygoids" as the ribn {cott^) 
of the ptfistal f«rtcln» (A. p. 64.). 
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and serre to support the membrane which is developed to form a 
great reoeptafile on each aide of the head of that angular fiah. 

Branchial Arvlws. 

Certain bony arches, w)nVh appertain to the system of the visceral 
skeleton, succeed the liyoideuu areh, with the keystone of which they 
art; more or less ciosely connected. Six of these arches are pri- 
marily developed, and five usually retained ; the first tour of these 
supporting the gills (Jiy. 39. 4 , 47), the lifth {ib. 47') beset with teeth 
and guarding the opening of the gullet : this latter ia termed the pha- 
ryngeal ardi) the rest hraaoliial arches. 

The lower extremities of these ardies adhere to the sides of a me- 
dian ehain of ossicles, which is continued firom the posterior angle of 
the haai-hja], or firom ahove the uro>hja), when this is ossified : the 
arches curve as thej ascend ; and their upper eztremities» wliidi are 
usually distinct pieces, bend inwards and slmost meet beneath the 
base of the cranium, to wluch they are attached by ligamentous 
and cellular tissue. 

The inferior median symmetrical piece is com m only divided into 
three ossicles, (the bast- bronchia ISf ib. 4.'>), following each c^er in a 
linear series along the median line : the first rests upon the uro-hyal, 
when this is present ; or it is attached to the posterior interspaee of 
the ceruto-hyals : the second gives attachment to the first pair of 
branchiMi arches, and the third to the second pair of nrehes : the third 
pair ot arches is attached to the eictreniity of tlic second pair and to a 
ligament continued from the third ba^i-branchial : the fourth pair of 
arches adheres to the .same ligament in the anjrle of the third pair : 
and the phai } ii^^'^t al aichea, forming the tilth pair, are attached to the 
angle of the fourth. 

Each branchial arch, independently of the basal key-bones, consists 
oi three or four pieces, enjoying a certain daslic, flexible movement 
on each other. The first tluree arches consist each of a short piece 
below, the hypo-hranchial (Jig, 39. 4e)b which, in the Halibut, sends a 
ridge or process downwards and inwwds beneath the bad-braachials: 
next, of a long bent portion, the cerato^franchial (ib, 47), grooved on 
its outer convex side; usually supporting dentigerous processes, 
tubercles, or fine plates on its concave side : and, above, of a shorto*, 
similarly formed piece, bent inwards and forwards, the epi^^ranekial 
(ib. 48). To the epi-branchiid of the second and third arches is com- 
monly attached a shorter and broader bone beset with teeth, the 
pharyngo-branchial. 

The fourth arch consists of the cerato-branchial, the epi -branchial, 
and the pharyngo-branchial pieces. The fifth arch (ib, 47') usually 
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consists simply of the corato-branchial clement ; but in Anabas 
supports a pharyn^o-brancliiul {ib. 49). It is often expanded, and 
usually more or less beset with teeth : it has been termed the inferior 
pharyngeal bone {os phnryiujien inferieure, Cuvier), as if it were 
homologically distinet from the gill-bearing arches ; and in the same 
ins dialed sense the upper expanded dcntigerous portions ol these 
arches are termed hj Cuvier the " os pharyngiens superieures they 
are sometisies blended together Into one piece, as in the CoOum, 

The peculiar cribrifbrm or laliTrinthic cayities, lined hj Tasonlar 
membrane^ and sobsenrlent to the contannance of respiration in 
certain fishes^ which can liye long out of water, the Climbing Perch 
(jLutbaa) for example^ and other genera of the Order called by 
Cuvier **Fhar7ngiens labyrinthiformes," are due to a peeoliar deve- 
lopment of the epi-brandual and pharyngo- 
branchial pieces of the first, second, and some- 
times the third branchial arches 39. 4S). 

All these gill- and tootli -bearing arches ap- 
pertain to the splanchno-skeleton, or to that 
categoiy of bones to which the hard jaw-like 
pieces supporting the teeth of the stomach of 
the Lobster belon'r. The branchial arches arc 

Bmnrhial and, witli l.iliy- ... 

rlmhic ptiAryngo^bruicbuu sometimes cartilaLriiious when the true endo- 

skeleton is ossiliL-d : they arc never ossified in 
the perenni-branchiate Batrachians, and are the first to disappear in 
the larva3 of the caduci-branchiatc species; and both their jilate and 
mode of attaclnnent to the skull demonstrate that they have no essential 
homological relation to its vertebral structure. All the primitive six 
pairs of branchial arches are present, but cartilaginous in the Lqpi' 
dotirms and the last, which answer to the inferior pharyngeal bones 
in normal Osseous IBIshes, supports gills, and not teeth, whilst the 
second and third arches have no gills in this remarkable fish : they 
offer a striking contrast in tissue, connections, and development with 
the strong, bony, persistent hyoidean arch of the true endo-skeleton. 

Scapular Arch (Jig. 30. H, i, 50^ 51, 59). 

The fourth cranial inverted arch is that which Is .attached to 
the par-occipital ; or to the par-ocdpital and mastoid ; or, as in the 
Cod, to the par-occipital and petrosal ; or, as in the Shad, to the 
par-occipital and basi-occipital : thus either wholly or in part to the 
par-apophysis of the occipital vertebra, of which it is essentially the 
hffimal arch ; it is usually termed the ' scapular arch.' In the Eel 
tribe, where it is very feebly developed, and sometimes devoid of any 
diverging appendage, it is loosely suspended behind the skull ; and in 
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the Plagioatome GartilaginooB Fishes it is not directly attached to its 
proper vortebray the oocipat, but ia remored further bade, where we 
shall usually flod it displaced in the higher Myelencephakp in order to 
allow of greater freedom to the moTements of the head. 

The superior piece of the arch (tupro'^eapula. Jiff, 80. eo) ia 
bifurcate in the Cod, or consists of two short columnar bones, at* 
tached anteriorly, the one to the par-occipitalt the other and shorter 
piece to the petrosal, and coalesc ing posteriorly at an acute angle, to 
form a slightly expanded disk, fnmi which the second piece of th« 
arch is suspended vertically. 

This second piece, called scapuht" (lA. 51} is a slender, straight, 
styliform bone terminating in a point below, and morticed into a 
groove on the upper and outer side of the lower and principal bono 
of the scapular arch. The supra -scapula and .scapula together rej)re- 
sent the rib or pleurapophvfi.s of the occipital vertebra; they are 
always confluent in the Siluroids, 

The lower bone, or ha iuapopliysis (cnracoid, ih. G2), which completes 
the arch below, is commonly termed the ' clavicle' {as by Spix, Geoffroy, 
Meckel and Agassiz); but I am induced to regard it as homologous with 
that bone, the coracoid, wludi progressively acquires a more constant 
and larger development in descending from Mammals down to Fbhes, 
and which is manifestly a more essential part of the arch than the 
clavicle, since it contributes more or less of the surface of attachment 
for the radiated appendage^ which the daride never does. By Cnvier 
the luemapophysial p(»*tion of the occipital inverted arch in fishes 
is termed the ' hnmems ;* but it is unquestionably a part of the arch, 
and the most important part in the present dass, in no member of 
which does it present the slightest approach to the character of a 
diverging appendage, such as the humerus essentially is, whenever it 
has an independent existence. By some Ichthyotomists the bone in 
question has received the special name df * cocnosteon.* 

Whether viewed insulated, i. e. merely ichthyotomically, or by 
the liL'lit of the modifications of the i<n«taining arch of the pectoral 
memln in hif^her Vertebrata, the essential nature of the bone in 
question was httle likely to be understood : its geneml homology can 
only be apprcriuicil by studying its relations to the general vertebrate 
skeleton in the lovveiit class, where vegetative repetition most prevails, 
and the fundamental type is least departed from. .The relation to 
the primary constituent segment of the skeleton being thus ascer- 
tained, the special homology of the bone is to be determined by 
tracing the modifications of the scivpuUr arch in the ascending di- 
rection. The serial homdogies of the haamapophyses of the scapular 
arch are obvioudy with the cerato-hydds^ the mandible, the cartiUigea 
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of the ribs, or sternal ribs, &c. The modification of the coracoida, 

most cluiraotoristic of fishes, is the symphysial union of their lower 
extremities, like tlu* iKt-rivipopliyses of tlie niaxiUary and mandibular 
arches, cither by li^'ameut, ur dent«ted suture ; or, in Pla;riostoraes, 
by cartilaginous confluence. But this mode of closing the inverted 
arcli seems inevitable in a class in which a true sternum * hcemal 
spino* jg absent; and we shall find the same symphy»i8 of the eora- 
coids iu those tish-like Reptile^ tiie Enaliosauria, which are now 
exUnct. 

In the God-tribe the pointed upper extrendtjr of the eoraeoid 
(Jigs. 19. and 30. 69), prefects behind the ecapola and almoet tonches 
the supra-ecapolar bone; bdow this part a broad angular plate of the 
eoraeoid projects backwards and gives attachment to the radiated 
appendage of the arch: the rest of the eoraeoid bends inwards and 
forwards^ gradnallj decreasing to a point, which is connected by 
ligament to its fellow, and to the oro-hTal bone. The inner side of 
the eoraeoid is excavated, and its anterior mazgin folded inwards and 
backwards; it is continoed above into the posterior angular prooMS, 
but in the rest of the eoraeoid it is simply bent upon the inner con- 
cavity of the bonOi which lodges the origin to the great lateral muscle 
of the trunk. 

In most fishes the lower end of the arch is completed, ns in the 
Cod, by the iigamciitotis .synii)liysi.s of the coracr)ids ; but in tlie 
Siluri and Platycephali the coracoids expand below, and are (irmly 
joined toj^ether by a dentated suture. In all fishes they support and 
defend the heart, and form the frame, or sill, against which the oper- 
cular and branchiostegal doors shut in closing the great branchial 
cavity; they also ^ivc attachment to the aponeurotic diaphragm 
dividing the pericardial from the abdominal cavity. 

Like the tympono-mandibular and hyoidean arches the scapular 
areh supports, in meet flshesy a Dwerging or rocBcMMf Appendage 
on eaeh side. 

This appendage consists in Lepidosiren of a single ray: bnt in 
Osseoos Fishes it is composed nsoallj, flrsf^ of two rarely of three 
bones immediatdy articulated with the eoraeoid ; next, of a series of 
irom two to six smaller bones; which, Uistly, support a series of 
spines <»r jointed rays* These rays in the scapular appendage^ or ' pee* 
toral fin,' are a repetition of the branchiost^al rays in the hyoidean 
appendage, and of the opercular rays in the tympanic appendage. 
Of the speciiU homology of the pectoral fin-rays with the digits of 
the pectoral extremity in higher animals, there has been no question. 
Tiie vegetative repetition of digits and joints, and the vegetative 
sameness of form in those multiplied peripheral parts of the fins of 

I 4 



Digitized by Google 



120 



LSOTURK v. 



fishes, accord with the cliaractera of all other organs on their first 
introduction into the animal series. The sinp^lc row of fewer ossi- 
cles supporting the rays, obviously rcpre^onts the douMe caqial series 
in Mammals ; and tlio banes of the brachiiun and anti-brachiuin seem 
in hke manner to be reihiced to a single series, unless the humeral 
segment be confluent with the arch. In the ventral fin no segment 
is developed between the arch and the digital rays: it is in this 
respect like the branch iostcgul lin. 

The pectoral fin is directed backwards, and being applierl, prone^ 
to the lateral surfece of the tnink, the ray or digit answering to the 
thumb is towards the ventral sorface. The lowest of the bones snp- 
porting the carpus should, therefore^ be regarded as the raduu 
(Jigs, 19. and 80. «s)» holding the position which that bone un- 
qnestionablj does in the sitnilarly dieposed pectoral fin of the 
Whales and Enaliosaurs. The upper bone^ which commonly affbrda 
support to a smaller proportion of the carpal row, may be com- 
psxed to the ulna {ib, As a third small bone is articulated to 
the coracoid, in some Osaeous Fishes, at least in their immature state^ 
the name of humenu may be confined to that bone : but in these it 
is generally above and on the inner side of the ulna, and seems to be 
rather a dismemberment of it. In tlie young Tench, however, the 
humerus is a small ossicle, firmly attached to the inner surface of the 
coracoid, and articulated at tlie other end to both the ulna and the 
radius, but not reaching to the carpus. The ulna is beneath it, and 
of an annular form ; the radius is much larger, and of a triangular form, 
articulated by its smallest side; witli the humerus and ulna, by its an- 
terior and outer border with tiie coracoid, and by its upper and hinder 
border with the carpus. In the Cod, Haddock, and most other fishes, 
there is no separate rBpresentative of the humerus: in these ^e 
fdna is a short and broad plate of bone, deeply emarginate an* 
teriorly, attached by suture to the ooracdd, and by the opposite 
expanded end to the radius, and to one or two of the carpal ossicles, 
and directly to the upper or ulnar ray of the fin. 

The radius (ib, 66) is a ciesoentic or sub-triangular plate with 
an upper emargination completing an interosseous foramen with that 
of the ulna ; articulated by a small part of its upper and anterior 
angle and by its produced lower and anterior angle with the coracoid, 
so as to permit a slight movement, and having its upper and hinder 
border equally divided between the ulna and the carpus. In the 
Bull-head and Sca-scorpion ( Co(tus ), the radius and ulna arc widely 
separati'd, and two of the lar;ze scjuare carpal plates in their' inter- 
space articulat<' directly witli tlie coracoid. A similar arrangement 
obtains in the Gurnards and the Wolf-fish ; but the carpais in the 
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interspace of the radius and ulna are separated from the coracoids by 
a space occuj>ied by an aponeurosi.s ; and in the Wolf-fish the intcr- 
mediato carpals are almost divided hy two opposite notches. The 
ulna IS pcrlorated in all these fishes. The radius is of enormous size 
in the Opal (Lampris) and in the Fljing-fish ; it is an( hylosed with 
the coraeoid in the Silurus, to i^'ivt' firmer su])port to its strong ser- 
rated pectoral !«pine. I lind botli lii li i^ and ulna, which are ex- 
tremely small, connate with the coracoid m a large Lophius {Jig. 40. 
54, 55). This condition probably occasioned them tu be overlooked 
hy Geoffioy, whose figtire <xf Ihe bones of the pectoral extremity of 
th» flsh* moreoTer represents the two long bones of the carpus, 
(l&.M^ m), which he calls 'radios' and *iilna* upside down. 




BoMt «}r peetond fla. Angler [LopAmt]. 



The ossicles called carpals are usually four or five in number, as 
in the Cod tribe (Jh/. 19. 30. 56); they progressively increase in 
length from the ulnar to the radial side of the carpu-. 'specially in 
the Parrot-fish (/Scams) and the Mullets Thry arc three in 

number and elongated in tlie Polypterus (^A//. 41. 5G}, bnt are reduced 
to two in number, aud more elongated in the Lophius {^g* 40. 
66) ; thus they retain in this specie^ and in the Sharks their primi- ' 
tive fimn of ' raja»' but change to broad flat bones in the Wolf-flsh, 
just as the rays of the opercular fin exchange that form in the Fla- 
giostomes for broad and flat plates in ordinary Osseons Fishes. 

The rays rq^resenttng the meiaearpal and phalangeal lxme8(y^, 30. 
40. 57} are in the Cod twenty in number, and all soft, jdutted, and 
sometimes bifurcate at the distal end. Their proximal ends are 
slightly expanded and overlap each other, bat are so articulated as to 
permit aa oblique dsvarication of the rays to the extent permitted by 
the uniting fin-membrane, the combined effect being a movement of 
the fin, like that called the * feathering of an oar.* Each soft and 

• Annalet du Muaium, 1807, pi. 29. 
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jointed ray splits easily into two halves as £ur aa its base, and ap- 
pears to be essentially a conjoined pair. 

In the series of Osseous Fishes the rays of the pectoral and ventral 
fins offer the same raodifications as those of the median fins on which 
have been founded the division into " Mahieojiteryjrians " and " Acan- 
tlioi>t(Ty;iians :" in the former the last or ulnar lin-ray is usually 
thicker tlian tlie rest ; in the latter it is always^ a hard, unjointed 
spine : in some lislies it forms a strong pointed or serrated weapon 
(Silurm). In the Gurnards tlie three k)wcst rays are detached and 
free, like true fingers ; and are soft, multi-articulated, and larger than 
the rest; they are supplied by special nerves, which come from the 
peculiar ganglionic cidurgements of the spinal chords and they appear 
to be organs of exploration. In all the Gnmards the loeomotiye part 
of the pectoral member is of large siae ; but in one species {Dac^ 
iopienu) it presents an nnnsnal expanse^ and is able hj its stroke to 
raise and sustain for a brief period the body of the fish in the air. 
The pectoral fins present a still greater development in the true 
Flying-fish (Exoeatm), 

Only in the Folypteros can any segment analogous to a metacarpus 
be distinguished by modiflcati<m of structure from the phalangeal 
portion of the fin-rays : there are seventeen simple cylindrical meta- 
carpal bones {jSff. 41. 67), the middle ones being the longest : they 

1^ supported on two carpal bones (^ib. 

''^ ^®)' remarkable for their 

length as in the Lophius ; a third 
shorter and broader carpal is wedged 
into the interspace of the two longer 
lofiwctordSoofPo/jTrtrrw. ^^^^ j^^^ directly join the 

metacarjius. The carpus is supported by a small radius (53) ami ulna 
(.04), which articulate directly with the coracoid. A further approach 
to the higher conditions of the ctoral member is made by the same 
Salamandroid Fish in the carpal portion projecting freely from the 
side of the body, as in tiie Lopliioid Fishes. In the Lepidosiren 
the diverging appendage of the scapular arch is reduced to the 
condition of a single jointed ray {Jiff. 27. 67). From this ele- 
mentary form, development may be traced in one direction, through 
osseous and cartilaginous fishes, in the progressive manifestation 
of irrelative repetition of parts, until the number of jointed rays 
exceeds a hundred, as in the fishes thence called **Bay8**; and 
in another direction, through the didac^le and tridactyle Pe- 
renni-branchiate Reptiles, to the perfection of the more normal 
type of the anterior member in higher Yertebrata; in each 
class diverging in special directions, more or less, firom that 
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common undivided embryonal bud, wbicli is permanently typified in 
tlio Lepido.'^ircii. Since, however, in all its modifications, the iinteriop 
or pectoral member is essentially, in its vvide&t liomolugical relations, 
but the diverging or radiated appendage of the haemal arch of the 
oodpitai Tcrtebra, we must not be surprised to find that tfoh retained, 
as in the SjnlmyMshi and Muhmmb^ wlim no vestige of its appenilagc 
Is dAFelopted. 

To the inner side of the upper end of the eoEraooid there is attached^ 
in the Cod and Carp^ a bony appendage in the fonn of a single styli. 
fimn rih; bnt in other fishes this is mofe frequently composed of two 
pieees^ as in the Perch, This single or double home, hen called 
tpi-^ameoid (J^ 19. 40. 5s), is slightly esqianded at its upper 
end in the Cod-tribe, where it is attached by ligament to the inner 
side of the angular process of the coracoid: its slender pointed 
portion extends downwards and backwards, and terminates freely in 
the lateral mass of muscles. In its mode of attachment to the cora- 
coid it resembles that of the hyoidean arch to the tympanic pedicle : 
but in the Batrachiis its upper extremity rises above the coracoid, 
and is directly attached to the spinous process of tlic atlas. In fomc 
fishes, as the Snipe-fish ( Ccntrisciis Scolnpax\ the Cock-fish {Argi/' 
reiosus Vomer), the Lancet-fish { Sir/ajius), it is joined by the lower 
end to tho odrrespondinj:^ bone of the opposite side, thus completing 
an indcjumi nt inverted arch, behind the scapular arch. There is 
some reason, therefore, for viewing tlie epi-coracoids as representing 
the inverted arnli of the atlas, or its hiemapophysial portion, and not 
as parts or apin iuiages of a cninial vertebra. 

The usually Iree lower extreniitics of the epi-coracoids, together with 
their taking no share in the direct support of the pectoral fin, and 
their inconstant eidstence, oppose more strongly the Tiew of tlicir 
special homology with the oovaooids of higher Yertebrates. They 
lum been regarded as adranced * ossa innominata' by Carus 
(xzznr. p. 125.). To their special homology with the * davides' of 
higher classes it has been objected that these bones are always si- 
tuated in those classes in advance of the coraooids ; but this inverted 
position nuty be a consequence oi the backward displacement of the 
scapnlo-coracoid arch in the air-breathing Yertebrata ; and if, not- 
withstanding such diq»laeenien^ we are able to discern the general 
liomokgical rdations of that arch as the haemal one of the occipital 
vertebra, we may, in like manner, discern in the clavicle a less dis- 
placed hsemsl arch of the atlantal vertebra. 

The epi-coracoids are either absent or are very slender spines in 
the Wolf-fish (AnarMckoM), the Mullet, the Goby, the Stickleback, 
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the Rcmora, the Ribband-fish {CepoUi), the Vranoscopus scnher, th<» 
Blennies, the Sihiroids', and the A]><>da1 Fillies, with the exception of 
the Sand-lance, which ditTcr.-; from iho Eels in having tlic epi-comeoids. 

Tliat they belong to the sv^tcm of hsmal or inferior vertebrate 
archcf*, and make a transition iViun the enormouslj developed arch of 
the oceijntal to the (trdinary costal arclies of tlic second and sub- 
sequcni alulominal vertebraj, is indicated by their functions arising 
out of their muscular attachments. In the Carp two ' muscuU quad- 
ratic arising from the coracoid, are inserted into the epi-coracoid ; one 
entirelj, tlie othw putiallj, and tbis latter Is oonliiiiied badcwards, 
to be aimikrlj implanted into the rib itf the tecond abdominal ver- 
tebra s similar but more delicate muienlar baadsi degenerating into 
aponeuroaesy pass to the saoceeding ribs^ wbieh axe tbus drawn 
forward by the protraetion of the epi-^oraedds^ or hnmiqiophTBes of 
the atlas. Bj this aetion an eflbet analogous to the eKpansion of the 
thorax in Msmmalia is produced, the air-bladder being permitted to 
dilate bj the augmented capacity of the abdomen. 

As the terminal segment (hand or foot) of a locomotive member is 
the essential part, or the great aim, so to speak, <tf the development of 
such radiated appendage, it is the first part to appear and the last to 
disappear. It exists without intermediate segment in the ventral fins 
of all fishes, and in the pectorals <»f hiome, r. rj. the T^ays, and 
the Lepidosiren (y%r. 27.) : in others there may be n rarpal sc;;- 
ment, as in the Lophius {Jig- 40. 66), the antibraehial &e^nieiit being 
confluent with tlie arch : in most fishes both a carpal (60) ami an anti- 
braehial segment exist, as in the Cod ( fiq. 19. 54, 65) ; in Polypteru.s 
a metacarjjiw makes its appearance : but in none is there a ilibtinct 
brachial segment or humerus, interpoi»ed between the anti-brachium 
and the arch ; it is at best represented by some small, supplemental 
third bone nttnifesting that relation very dabiouslj. 

The special homology of the pectoral fins of fishes with the fore 
limbs of quadrupeds was indicated bj Aristotle^ and first definitdj 
pointed out in later times bj Artedi, in 173^ who says, — " Ossa pec- 
toris et ventris in pisdbus reperiuntnr ; suntque in piseibus spinosis: 
1. ClavicuUa ; 2. Sternum ; 8* Sc^ufaa^ seu ossa qnibus pinne pee* 
torales ad radioem aiBguntur.** {Partta Pitdum, p. 89.) Geoffiroy St 
ffilairc, who has devoted special Memoirs to the detmnination of the 
bones of the pectoral fin, had no knowledge of the primary homology 
of the pectoral fin as the radiated appendage of the inferior arch of a 
cranial vertebra, or of its serial homology with the branchicetegal and 
opercular fins. Tic consequently speaks of the junction of the basis 
of the fin to the cranium as something very strange Disposition 
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v^tablraieiit tfte flingiili^i^ et qiM le manque abflolv do eon, ft vbe 
oombinaiaofii des pieces do stemnm arec cellea de U t^te pouvoient 
eeuls rendre possibld.'' (AmuUet du Mtuium, ix. p. 861.) 

Qkea*s Utest idea of the essential nature of the arms and legs ifl» 
that tiiey are no other than 'liberated ribs : * Freye Bewegongs- 
organe konnen nichts anderes als frey gewordene Rippen Bejn." 
{LeArbuch der NtUur Fkilotophie, p. 830. 8to. 1843.) 

Carus (L), in his ingenious endeayotirs to gain a view of the primary 
homolog-ies of the locomotive membere, sees in their several joints 
repetitions of vertebral bodie8(<€r^mr-«'ir('>e/) — vertebrai ot'tho third 
degree — a result of an ultimate analysis of a skeleton pushed to the 
extent of the term * vertebra ' being made to signify little more than 
what an ordinary anatomist would call a * bone.' 

But these transcendental analyses sublimato all differences, and de- 
finite knowledge of a part escaj)cs through the unwarrantable exten- 
sion of the meaning of terms. We have seen, however, that a ver- 
telm is a natural group of bones, that it may be recognised as a pri- 
mary dlTisifm or segment of the endo-akdeton, and that the parts 
of that group are definable and recognisable under all their teleolo- 
gical modifications, their essential relations and diaraeters appearing 
through every adaptive mask. 

Aooording to the definition of which a yertebra has seemed to me 
to be susceptible^ we recognise the centrum, the upper (neural) arch, 
the lower (hemal) arch, and the ^pendages, diyerging or radia* 
ting firom the hsnnal ai^eh. The centrum, though the basis, is not less a 
part of a yertebra, than are the neurapophyses, hflsmapophyses, pleu- 
rapophyses, &c, ; and each of these parts is a different part from the 
other: to call all these parts Wertebne' is in effect to deny their dif- 
ferential and subordinate characters, and to voluntarily abdicate the 
power of appreciating and expressing them. The terms 'secondary* 
or ' tertiary vertebra)' cannot^ therefore, be correctly applied to the 
appendages of that natural segment of the endo-akeleton to which the 
term * vertebra ' ouglit to be restricted. 

So likewise the term 'rib' may be given to each moiety of the 
haemal arch of a vertebra ; although I would restrict it to that part 
of such arch to which the term * vertebral rib ' is applied in Com- 
parative Anatomy and the term ' pars ossea costaj ' in Anthropotomy: 
but, admitting the wider application of the term ' rib' to the whole 
haemal arch, yet the bony diverging and backward projecting appen- 
dage of such rib m arch is something difierent from the part support- 
ing it. Arms and legs may be developments of costal appendages, 
but cannot be ribs themselves liberated : although liberated ribs may 
perform analogous functions, as in the Serpents and Dragons. 
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A series of derelopmenta may be traced from the primitiTe form of 
the appcndnge, as a simple plate, 8piiie» or ray, through the many- 
jointed single ray in the Lepidosiren and the hifturcate jointed ray m 
the An^hntma didaetiflum, up to the wing of the Bird and the arm 
of the Han, without the essential nature of the part being lost sight 
of} for all these forms of the pectoral member are, in their ultimate 
or general homology, * diverging* or * radiated appendages' of a 
hajmal arch ; but not 'ribs,* nor * vertebra.* We may further define 
the fore-limb, wing, or pectoral fin to be the radiated appendage of 
the arch called ' scapular,* and this to be the ' iuemal arch of the ocd* 
pital vertebra.* 

There remain to eomplete the analysis ot" the skeleton of tlie Cod, 
here taken as a tyj)e of Osseous Fishes, the bones of the ventral pair 
of fins an<l the eranial parts of tlie dermal skeleton. Tlie rays of 
the ventral I'm an^ snj)ported by two bones, which rej)n'.sent the 
lower portion of an imperfect inverted or hflp-mal arch; each bono is 
a 6ub-li iaiifiulur hifurcate plate in the Cod tribe, with its apex an- 
terior und superior, joined by ligament to the same part of the cor- 
re8|K)nding bone, and suspended beneath the coraodd arch. To the 
outer part of the base of each suspending bone the rays the ventral 
fin are attached without the intermedium of any series of short 
ossicles; in faci> the representatives of tarsal, tibia], and femoral 
bones are wanting in all fishes, and the bwer half of the pelvic arch, 
(or the puik bonea, JSg» 19. 68)^ and the peripheral and essential parts 
of the fin, the meiaturto^phaJUuigeiU jointed rays (t&. 7o), alone repre- 
sent the hinder or lower locomotive member in fishes. In Acan* 
thopterygian Fishes one or more of the anterior rays of the ventral fin 
may be hard unjointed spines, as in the other fins ; in the IVIalaoopte- 
rygians all the ventral rays are soft, multi-articulate, and bifurcate. • 

In no fish is this incomplete pelvic arch directly attached to the 
vortebral column. If we may judge from the position in which the 
ventral fin appears, in the development of the embryo fish, a.«! a little 
bud attached to the skin of tho belly, and from the fact that all the 

* Idithyologists avail thmiMlTM of the number and kind of nyt in the eeverd 

siTTj^lc and parial fins fo cliarActcrisc the species of fislir*; md adopt an abhrcvint. t 
formula to express those cbaractcrs : thus Mr. Yarrell (xxxix. L p. 4.) uses the ful- 
loving with reference to the Pereh : — d. 15, 1 -|- 13 : i>. 14 : v. 1 +5 1 a. $-i>8 ; 
c. 17 : which signifies thnt r. , the dofsjul fin, has in tl)e first fin 15 mys, all spinous ; 
in the second fin, 1 spinous -t- (plus) 13 rays that arc soft, r., the pectoral fin, 14 
rays, all soft, v., the vcntnU fin, with 1 gptnoiu ray-|-5 tbet era toft, a., ^ 
anal fW^ n lth 2 spinous rays + ^ tfint nre soft, c, the caudal fin, 17 rays. Tlie 
fornnila of the fin-rays in the UaUtlock is : ». 15, 21, 19 : r. 18: v. 6 : A. 24, 18 : 
e. 44. : I. e. all the rays are soft, and there are 15 rays in the fint dorsal, 91 in the 
second dorsal, and If) in tho third dor?snl ; 18 mys in the pectoral fin ; f~> rnvs In the 
ventral fin ; 24 rays in the first ana), and 18 in the second anal fins ; and 44 rays 
in the cwidnl fin. 
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flahes in the geological finrmalioiiB anterior to the ehalk aie abdeminal, 
that ui> have the ▼entral fins near the posterior end of the abdomen*^ 
we maj oondade that the 6npp<Mrting hones ar^ essentially, the hsB- 
mapophyses of the last rib-hearing (or pelvic) abdominal Tertebra; 
and that the rays aie the diverj^g appendage, bnt are attached, 
like the bnmchtostegalrayaof the hyddean (parietal hsBBsal) arch, 
withont the intervention of fewer short and broad hones, homo- 
logous with femoral, tibial, tarsal bones, kc Tlic hsBmi^iophysial 
portion (pubis) of the pelvic arch is never joined to the plen- 
rapophjsial portion (ilium) of the same arch in fishes; but is 
suj5pcn(!cd more or less freely to other ports, always projecting from 
the under or ventral part of the body, but subject to great diversity 
of position in relation to the two extremes of the abdomen. On tliese 
ditl'erences Linna>us bused his primary classification of fishes : he 
united together, for exami)le, tliose tislies wliicU have the pelvic or 
ventral fins near the anuB, to form the order called ^* Pisrea Abdo- 
minahsr those with the ventral lin- lieneath the pectorals, into an 
order culled '^Pisces Thoracici ami tliose with the ventrals in ad- 
vance of the pectorals, into an order called PUces Jugulares ;** 
lastly, those fishes in which the ventral fins are absent formed the 
order called "Aeet Apodet," And by this name it will be ob> 
served that linnnns recognised the special homology of the radiated 
appendages of the pelvic arch of fishes with the hinder or lower 
extremities of the higher classes of animals. 

In the Angler {Lopkiua pUeoMiu) each pelvic bone is attached to 
the nnder and near the fore part of the long coracoid, expands at the 
opposite end, and bends inwards to meet its fellow at a kind of sym- 
physis pnbis ; the fin, supported by six rays with expanded imbricated 
basQ^ diveiges firom the angle ; and the suspending branch above this 
seems to represent an iliac bone. The pubic bones are detached from 
the coracoid arch in Abdominal Fishes ; the Thoracic character de- 
pends upon the peculiar length of those bones, which carries back the 
ventral fins to beneath the pectorals. As the ventral tins are always the 
lai?t to be developed in the embryo abdomin:!l, thoracic, and jugular 
lishes, 80 theapodals m^y be regarded as nn:iloLroi!H to permanent em- 
bryo forms of these fish« s, in which development lias been arrested be- 
forearriving at the abdominal stage, and growth has proceeded, in most 
cases, to excess in the linear direction ; as is exemplified in tlie Eel 
tribe, where vegetative repetition of a vast number of incomplete 
vcrtebrce has taken tiie place of the perfection of part of a fewer 
number of vertebrai. 

* AgMHi, HIat det Poi«Niii% t. L p. 105. 
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There are ncitlicr pectoral nor ventral fins in the Cyclostomoua 
Fishes. In the Plaf,'iostomes there are both: but the wapiilar areh is 
detached iVorn the oeeipnt, the condition ol' its dir-phicenient being 
the more posterior pubiiluu uf tlie heart in these fishes. In the Sharks 
and Chimajra^ it in Uwsely suspended by ligaments from the vertebral 
column : in the liays the point oi' resistance of their enoniious 
pectoral fins has a firmer, but somewhat anomalous attachment, by the 
medium of the coalesced upper ends of the Bopm^eopplir pieces to 
the summits of the spines <^ the confluent anterior portion of the 
thoracic abdominal Terfebm. In the Sharks the scapular arch con- 
sists chiefly of the coracoid portions 42. 63), which are confluent 
together beneath the pericardium which thej support and defend; 
the scapular ends of the arch, connected to the coracoids by ligament^ 
prqject freely upwards, backwards, and outwards. To a posterior 
prominence of the coracoid cartilage eorros|)onding with the anchy- 
losed radius and ulna (i6.fi4, 55) in the Lopliius, there are attached, 
in the Dog-iish and most other Shariu, three sub-compressed, sub* 
elongated carpal cartilan:c<«, the uppennost {ib. 66) the smallest, and 
styliform ; it supports the upper or outer phalangeal ray. The 
next bone {ih. 5o') is the largest and trian'j'ular, attached by its 
apex to the arch, and supporting by its baae the majority of tUo 
phalanges. 




The third carpal (ib. is a smaller but triangular cartilage, and 
. sui^iorts six of the lower or radial phalanges. Three joints (meta- 
carpal and digital) complete each cartilaginous ray or representative 
of the finger (ib. 67) ; and into the outer surface of the last are in- 
serted the fine homy rays or filaments {ib. 67"), the homolognes of 
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the c-l:iwd and nails of higher Vertebnta, but which on their first ap- 
pearance, in the present highly organised class of fishes, manifest, 
like other newly introduced orjan-, tlic principle of vegetative repe- 
tition, there being three or four horojr filaments to each cartilaginous 
ungual })hahinx. 

On tlie tore part of the coracoid arch, near to the prominence sup- 
porting the fin, there are developed a vertical series of small bony 
cylindricid nuclei in the substance of the cartiUige in most Sharks. 
Itt the Kays the coraco-scapular arch Ibrms an entire circle or girdle 
•ttaelied to die dorsal spines : it consists of one continuous cartihigo 
in the Rhi$iclatet, but in other Bays is divided intoooracoid, scapular, 
and suprascapular portions, the latter united together by ligament. The 
scapula and eoraooid expand at their outer eadsi wbere they join each 
other by three points, to each of whicli a cartilage is articulated homo- 
logous with tlie three above described in the Shark, and which imme^ 
diately sustain the fin>raya. The posterior cartilage answering to. 
the upper one in the Shark curves backwards and reaches the ventral 
fin : the anterior cartilage curves forwards, and its extremity is joined 
by the antorbital process as it proceeds to be attached to the end of 
the rostral cartilage | the middle proximal cartilage is comparativdiy 
short and crescentic, and sustains about a sixth part of the fin-niys, 
which are the longest, the rest being supported by the anterior and 
posterior carpals, and grailually diminishing in length as they op- 
proach the extremities of those cartilages, lu the common Ray there 
are upwards of a hundred metaearpo-phalangeal rays in each great 
pectoral fin. The longest rays begin utter the teutli or eleventh joint 
to bifurcate ; the shorter ones bilurcate progressively nearer their 
origin. 

The ventral fin is better developed in the Plagiostomes than iu 
any other fishes. The supporting arch consists indeed of the same 
simple pubic dements, united together by ligament in the middle 
line, and loosely suspended in the abdominal walls, but they do not 
immediately support fhe fin«rayB. Two intermediate cartilages are 
articulated to the expanded outer end of each pubis; the anterior is 
the shortest in the Dog-fish, and supports three or four rays ; the pos- 
terior one is much longer, and supports the remainder of the rays, 
fifteen or sixteen in number. To the end of this cartilage likewise' 
is attached, in the male Flagiostomes and Chimnra^ the peculiar ac- 
cessary generative organ or clnsper. 

In tiie Torpedo the pubic arch sends forwards two processes like 
marsupial bones; these processes arc longer in an extinct Ray to 
which its discoverer Sir P. de M. Grey Egerton has given the namo 
of Cychbaiet oUgodaetylus (xL. p. 22d. pL 5.). 

VOL. IL X 
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LECTURE VL 

D£&MAI* BON£S AKD T£L£OLOQT OP TU£ SKELETON OF 

FISHEg* 

Trip Sturgeon is one of the transitional steps from the Cnrtihiprinons 
to the Osseous Fislies ; but as its skeleton more espocially elucidates 
those bones of the Osseous Fishes which have been superadded to the 
proper cranial and other bones of the endo-ekeleton to form the dermal 
system or exo-skeleton, I have deferred a notice of it to this place. 
All the parts of the skull of the Sturgeon which belong to the endo- 
skeleton are, with the exception of the appended arches, one con- 
tinnouB mass of cartilage, which is defended by a crust of shsgreeued, 
ganoid bones of the dermal system. It seems^ as Agassis wett sajSi 
as if the space betweoi the outer bony crust and the cmhral mem- 
branes within had formed a mould into which the liquid ^istle had 
been thrown at a single jet, and there hardened. Tlu-rc is no 
membranous fontanelle in this cartilaginous cranium. The base of 
the akuU shows the embrjonic character of the prolongation of the 
pointed end of the * chorda dorsalis' as far forwards as the pituitary 
depression, wliidi is persistent in tlie Sturgeons. The occipito- 
P]»licnoidal cartilaginous plate is developed around the ' ehonln,* and 
extends upon the base and sides of the skull, whence it is continued 
backwards, without an intervening joint, into tlie cartihige of tlic co- 
alesced anterior vertebrnB of the trunk. The upper sui'facc of the 
cartilaginous sknll in gently convex *, it extends outwards at its 
middle part between the large orbital ami branchial cavities, and 
to the under part of this prominence the tympanic pedicle is articu- 
bited. The cartilaginous cranial mass contracts iu front of the orbits, 
is deeply excavated on each side for the nasal caTities, and thenoe is 
continued forwards into a rostral process, which gradually tapers to 
a more or less obtuse point A tUn continuous crust of bone covers 
the lower surface of the occipito-sphenoidal cartilage^ except at tiie 
middle Une^ beneath the cranial end of the chorda, where we saw the 
cartilage arrested in the Cestradon; this crust extends backwards 
into the cervical region. The pituitary sella pierces the basal cartilage, 
but not the subjacent osseous crust. This crust se^s analogous to 
the basi-sphcnoid plate in the Lcpidosireu; but its extension upon the 
neck, the absence of the articular concavity, and the persistence of the 
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cartilaginous basis of the skull oppose the view of its liomology with 
the basal elements of the cnuiial vertebra. With regard to the 
upper and lateral osseous plates of the head, they are, as Von Baer 
has indioatiL'd (ni.), the continuation of the series of dermal ooocopo 
plates upon tlie upper mid-line and sides of the trunk. 

Before, however, ai)plying this instructive condition of the cranium 
of the Sturgeon to the elucidation of the nature and homologies of 
the l)oncs which still remain to be noticed in the skull of the Cod, I 
shall briefly describe the maxillary, mandibular, hyoid, and scapular 
haemal arches of the coalesced cranial vertebras of the Sturgeon. 
The first three of these arches are suspended from the tjrmpanic 
pedicle ; but tliis, instead of being a single piece, as in the Plagiostomes 
and Lepidoeiren, consists of three cartilages, articulated in Accipcnser 
RuAmnUt according to Miiller, by a small aooessory or interarticular 
cartilage, with thcT under part of the mastoid prooesa. The three 
principal bones describe a semicircle, concaye forwards, and answer 
respectively to the epi-tympanic {Jig. 48. ss), the meso-tympanic {ib, 
so), and hypo-tympanic (tft. 98) bones of Osseous Fishes. 




The upper jaw, or maxillary arch of Plagiostomes and Lepidosiren, 
is represented in the Sturgeon by a jiartly osseous, partly cartila- 
ginous, broad ai'cli, in which the centres of ossification have been 
three in number on each side, and indicate both by their relative 
position, and by the direetioii In, and ezlsiit to^ wldc& the bony 
fibres have diverged from them, the pre-maxillary, maadllary, and 
palatal bones of the Osseous Fishes. The pre-mamllaries (tft, ss) 
form the anterior and inferior border of ,the arch : each bone is a 
sob-triangdlar plate^ joined by ligament -to its fellow at the middle 
Hne^ trenchant anteriorly, contracted tod thickened posterioriy, 
whence it liaes and exteods in the form of an arched prooeai^ out- 
wards and downwards to the outer side of the joint for the lower 
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jaw. Thi8 process corrosj)oml.-* with the outward ami tlownwnnl 
prolungatiou of the transversely developed pre-maxillary in Osseous 
Fishes. 

The maxillary bone (ib. 21) is a small and simple oblong plat<», 
articulated to the under part of tlie base of the outer process of the 
pre -maxillary, and attached by the whole of its inner uud posterior 
side to the palatine. Only the gradual transmutation of the similarly 
inngnificaiit 'os myvfaeeum* ia the Oiaeous fishes to its higher 
form and fonctioiis in the Salmonoid and SaUunandroid species, could 
have made the homology of this separate bone appreciable in the 
Sturgeon. 

The 08 pahiti (ib» 90) articulates bj its anterior angle with both 
maxillaiy and pre^maziUarj ; expands poateriorlj in cme direction 
towards the median line^ along which a slender pcnnted process ia 
directed forwards 1 and in the opposite direction outwards and 
downwards to the inner side of the cartilaginons joint of the lower 
jaw ; like the pterygoid extension of the same part of the arch in the 
Lepidosiren. A slender ossicle (ib. 74) extends along the outer 
side of the cartilaginous joint, from the end of the premaxiUaiy 
process to the posterior ridge of the palatine bone ; homologoua 
with the angulo-labial cartilage in the Stfuaiina, In the cartilagi- 
nous interspace b<'twe( n the anterior notch of the palatines and the 
premavillary synchondrosis, I have fotnifl a small separate Qssificatiou 
in a very hir2:c and old Accipenser Sturio. 

The roof of the mouth is extended posteriorly by three cartilagi- 
nous plates : one single (ib. 20 a) and extending backwards, from the 
posterior interspace of tin. i*^liitines ; this scorns to be the honml lu ue 
of the two median cartilages, called ']>!ilatal' by Dr. Ilenle, on tlic 
roof of the broader mouth of the Narcine* ; the two outer cartilages 
correspond with those called < pterygoid ' by the same author in the 
flame Bnusilian Torpedo, f 

The lower jaw {ib, 32), which is joined by a concavity to the 
trochlear cartilage supported hj the pterygoid process of the palatine 
and the premaxillary, consists principally of a single bony ramus on 
each side, joined by ligament to its fellow at the symphyais, with a 
poaterior excavation filled by cartilage, in which there Is a small 
detached ossification In the old AeeipeM§er Shuio above adyerted 
tat 

The whole of the above apparatus of the jawa is suspended to 

* Miiller^t Mjminmden, Ub. fig. 9 and 4. ee. f Ib. if dL 

I The hones and gristles of the Sturf^eon's nioiifh arc woll (kscribed by J. 
Mtillcr (xxi.) ; but icbtkyotomioUly, 1'. e. without detcroiioation of boiiiologi«s Mid 
neeordii^jr under spcciAl names. 
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the hjpo-tjmiMuiics (ib, Q6\ wbich m attached principally to the 
pterygoid proceases and the hack part of the cartilaginous joint 
of the lower jaw. The mouth of tlie Sturgeon opens, as in Sharks* 
upon the under surface of the head, and is protruded and retracted 
chiefly by the movements of the tympanic pedicle, which swings, 
like a peadulum, from its point of saiq>ension to the post-orhital 
process. 

The hyoid arch is al-o -^mnW and simple in the Sturpoon. The 
epi-hyal is short and altuchetl to near tlie ui>per end ot' the livpo- 
tympanic. The cerato-liyal (iO. 40) ol thrice the len^'tli, is expanded 
above, and is attaclied by lijrament extending from thut part to near 
the joint of the lower jaw. Tli(> basi-hyal i.s a short Bub-cubical piece : 
it gives attachment anteriorly to cerato-hyals, and posteriorlj to the 
ant^or basi-branchial and hjpo-branchial cartilages. 

The three first hrancfaial ardiea condet of hypo-hrandiials, pro- 
gressiTdjr deeieamng in axe, of oerato-brandiials, epi-hrandiials^ and 
pharyngo-branehiala : the fourth arch consists of cerato-branehiala 
and epi-branchials : the fifth arch of cerato-branchials only. 

In an old Aecipenter Slurio I found the ^mpanic pedicle in two 
pieces, and partly ossified. The epi-tympanic waa cartilaginous 
where it articulated with the post-frontal and mastoid, the osseous 
part commencing at a definite transverse plane* This, as it de- 
scended, expanded, and reverted to the cartilaginous stat^ forming a 
broad triangular flattened plate, which 8upport<^ the large opercular 
dermal bone : the hypo-tympanic was a simple strong cylindrical car- 
tilage, p'ivinp: attachment to the hyoid near its upper end, and to the 
ligaments suspending the palatine and mandibular arches at its lower 
end. 

The cartilaginous representation of tlie par-occipital projects 
boldly bark wards from each angle of the occiput. A triangular 
supra-scapular cartilage (ib, 6o) has the angles of its base slightly 
produced, one being articulated to the eud of the par-occipital, the 
other to tlie ex-occipital region. To the apex is attached the sca- 
pulo-coracoid arch (jUi. 51, fi2), which is completed below, as in Li/ji- 
doiirtn, by ligamentous union, not, as in Sharks, by cartilaginous 
confluence. The scapulo-ooracotd cartilage expands as it descendi^ 
sends inwards and forwards a broad wedge-shaped plate, and presents 
a large perforation at its thick posterior part, answering probably to 
the perforated ulna of Oeseous Fishes^ here confluent with the arch. 
The peetotal fin is articulated to the under part of this perforated 
projection : the coraooid terminates below by sending inwarda and 
forwards a broad and tlun plate beneath the pericardium, which is 
joined by strong aponeurosis to that of the opposite ooracold. There 
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an no separate homologues in tho Sturgeon's fin of the bones called 
ulna and radius in Osseous Fishes : the carpal bones {ib. 56) imme- 
diately articulate witli the coracoid, and support about thirty rays 
{ib. 57), two or tlirue of which seem to have coalesced to lorm the 
strong bony sj)ine (ib. 57') on thf outer border of the fin. 

The ventral fiu« are small and are suspended each l)y a simple 
cartilaginous pubis to the abdominal uiuscles a little in advance of 
the anus. 

Tlie osseous scales on the upper buil'aco of the tkull arc so ar- 
ranged as, at first sight, to suggest certain analogice with the epi- 
cranial bones. Thns, tbe acale marked a d a) in Brandt and 
Bataebuigh'fl figure of tbe liead of the Aeeqteiuer SHtrio* might 
be compared with the eupra-occipital bone; the pair in advance 
(t6. d 7), marked e (loc. cit.)^ "with the parietals; and the pair (if ii) 
marked g (loc dt), with the iW>ntalfl$ but then these are aepa^ 
rated hj an interfrontal oaseoua plate, and in .^^pcii««r Sojfpka by 
two or three aneh plates; the supra-oceipital plate is divided in the 
A. irevinnirit and in tiie A, Hurio of Pallasf, and other varieties 
occur which render the attempt to illustrate the homology of the 
true epicranial bones in Osseous Fishes bj these dermal ganoid plates 
in the Sturgeons difficult and unsatisfactory. The median plates are 
more obviously and essentially a continuation forwards of the dermal 
spinous plates {ib. tis\ from the mid-line of the back ; and we may 
sec their more veritable repetition amoiifist tlu' O-^^^eous Fishe-^ in the 
dermal epicraniid spines, for example, of the Angier (Lop/iius), which 
support the long lishing filaments upon the head, or in those modified 
ones forniiiiL' the sucking disk oa the head of the Bemora, They are 
more obviously homologous with the dermal bones forming tho helmet 
of the Armadillo, and h ar the same relation in the Sturgeon to the 
cartilaginous skull us those boaes du iu the Ai'madillo to the otM»eous 
skull beneath. 

The lateial series of dermal bony plates (j^ 4p) are also con- 
tinued upon the head, and seem to represent in the Sturgeons the 
supra-scapular (i^. d so) and the opercular bones {d 3s) in osseous 
lEIshes. Other constant series of cranial scale-hones, in the Stnigeon, 
circumaeribe the orbits below and the temporal spaces above. But 
before applying the well-contrasted states of the endo- and exo- 
akeleton of the Sturgeon to the determination of the bones of the 
skuU in the God, I may advert to the reversed conditions of the ^do- 
and exo-skelctons in the Lepidosiren, which lends another valuable 
aid in the solution of this difficult and much discussed subject The 

• MedUin Zoolagic, buid. ii. Ub. iii. f Fvuna Uoaso-AAMlioB, iii. p. 91. 
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supra-cranial movable plates {fig. 27. 12) are the only bones of the 
head of the Lepidosireu which can be referred, with iiny probability, 
to the dermal system. It is plain that the subjacent epicranial pluia 
(y/y. 1:7. u)in close connection with the cartilage of the cranium, is 
a true pai*t of the endo-skeleton, and us certainly tlic hoiiiologuo 
of the mid-frontal, parietal, and supru-occipltal buiies. lu the de- 
▼dofniieiit of the skuU of Osseous Fishes it is found, however, that, 
whibt the central or besikry the neurapophysial, and the parapophy- 
siel elements of the cranial Tertebro are devdoped out of a pre- 
extflling cartilaginoiu faaaia^ the modified spinous elemental with the 
exception of that of the occipital Tertehra, are formed the dqxi- 
sition of the calcareous salts in the epiersnial membrane; and Dr. 
Beichert, apparently not remembering that the eartilaginons^ or in- 
termediate histologiosly diange between the primidve membranous 
and ultimate osseous stage has been as little recognised in the de- 
velopment of the epicranial bones of ]VIan, would rqject the parietal 
and finoQtai bones from the system of the endo-skeleton. 

To those who mny be inclined to support this view, by reference 
to the epicranial dermal plates in the species of Sturgeon where their 
corre.-'pondence with the inid-frontal and parietal bones may be most 
easily recognised, it may be replied, that the pre-frontals, post- 
frontals, mastoids, an<l supra-occipitals, might also be referred to the 
exo-ski luiuti, ))y a like reference to dermal plates holding tlui corre- 
sponding positions in the Sturgeon's head : but the siktlctou of the 
Lepidosiren, with the knuwu relations of the pre-frontals, post-fron- 
tals, mastoids, and supra-occipitals to the primitive cartilaginous basis 
of the skull in Osseous Fishes, demonstrate the fallacy of the conclu- 
sions as to the dermal or^^in tS. the frontals and parietals, based upon 
the deceptive analogies of the dermO'Cranial plates in the Sturgeon, 
and upon the absence or brief duration of the eartihiginoas stage in 
the ossification of certain expanded spines of the cranial yertebne* 
That the bomokgues of some of the dermal plates in the Sturgeon 
are retained in the skull of Osseous Fishes i% however, rendered 
extremelj probaUe bj the constancy of thdr rdative podtton, by 
their devdopment in a dernud badfl^ and by their rehiiion to the 
dermal mucous canals. 

The accessary bones of the skull in Osseous Fishes, which I regard, 
<Mi tite above giround^ as i^ipertaining to the exo-skeleton, and which 
are more especially connected with the mucous organs of the skin, 
are the suh-orhital, th<^ sf/prft-orbita!, and the siiprn -temporal 
ossicles. The fjr.^t sub-orbital bone (fifj. ID- 73) i'^ nhvnvH the 
Ijipfrp^t : it triiincrular in the ("od, and covers the side td' the muzzle, 
extending irom the fore part oi the orbit to the anterior cud of 
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the turbinate bone, to which it is attached by ligament, and it 
is articulated by its upper and posterior angle with the pre- 
frontal: from its position it might be termed the pre-orbital bone. 
The second sub^orbital, a much smaller and sub-qoadrate bonei is 
attached to the lower and posterior angle of the first ; and the rest» 
four in number, of simiUur form, and gradually «naDer in dae, com- 
plete the chain extending to the post-orbital angle of the os frootis. 
There are no sopra-orbitals in the Cod : tlie Carp has a single one on 
each aide; the Lepidostens has three aapra-orbitalfl» which quite 
exclude the frontal from entering into the formation of the orbit 
The supra-temporal scale bones are three in number on each side in 
the Cod, extending backwards from the outer and hinder part of the 
mastoid : thej are rerj thin, transparent scales, folded on tlx-mselvcs 
to form a prolongation of the mucous channel, which extends from 
above the mastoid ati<l frontal bones. The large pre-orbital scale- 
bono is similarly folded upon itself, from above downwards, forming 
a mucous channel, extending from the orbit to the nasal sac, and 
analo/rous to the mnrn-lachrymal groove and canal in the lachrymal 
bone ot" liighcr Verti 1 rita, whicli always presents a similar position 
and connections. i lic smaller suh-orhitals are subservient, chiefly, 
to the furinatioii of similar mucous ducts', which are completed lu 
thc<;c, as in the supra-ti mporals, by aponeurotic processes of the 
corium, and are lined b) mucous membrane continued from many 
small and numerous excretory pores on the outer surface of the 
shin, and forming, in the Cod, ramified secreting follicles in the in- 
terior of the bony canals. The buny canals themselves are ramified 
in the corresponding dermal osncles of the Herring. The turbinate 
bones, from their intimate rdation with the olfiKtory sacs, appertain 
by their form and structure to the same category as the sub-orbitals, 
and are, with the anterior of these mncigm>us ossiclesi the only bones 
of the dermal system constantly retained in the higher Yertebrata, 
even toMan, under the names of ' lachrymal* and * spongy' bones. The 
turbinate bones are veiy small in the Conger ; and both these and the 
sub-orbital bones are wanting in the rest of the Eel tribe. The sub- 
orbital bones present their maximum of development in the Mailed- 
cheeked ( Trigld) and Sclasnoid Fishes ; in the Star-gazer ( Urano- 
scopm) and the Lrpidoleprns : in the Scitpna gangetica they extend 
over t]ie tympanic pedicle almo«t to the pre-opercular, and have a 
bold reiicuiate exterior, like that bone, the mastoid, and the supra- 
scapular bone. 

In the skull of the Cod you may ol)serve juany bones which send a 
scale-like process from their outer surface, which process forms a more 
or less complete canal for the duct^ of liiucous glauds. The frontal, the 
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poriefcal) the mastoid, and the pre-opereolar, as well as the tarbinate, 
the sub-orbital, and the snpra^temporal bones, offer this modification 
of their outer surface. The same correspondence in the patteni of 
the exterior markings usually prevails in all these bones, and is very 
conspicuous in some fishes ; as in the bold net-work and deep depres- 
sion-J of the surface, observable in the Pristipnma and some Scinpnoids; 
and in the entirely exfrnvod^ enamelled, and shagreened surface of 
the same bone.s, together witli the maxillary arches, in the Poh/pfrrvs. 
This corrcspoiidf'nce of exterior character, though it dimini^l i ^ t!i<3 
contrast between the endo- and exo-pkeleton bones of the skull, dues 
not destroy their distinction. In certain parts of fishes the endo- uud 
cxo-skeletoni* are so connected together that we can scarcely iiud the 
boundary line in nature j yet the advantage to the Osteologist of 
ekflsifying the miiltifonn salgects of his study according to their 
Igrpical charaetere miiat not, therefore, be abandoned. 

Guided by the eknll of the Lepidoairen, and by the light of the 
general homolc^ of the opercalar hones as diverging appendages of 
the tympano-tiiandibiilar arch, I conrider the pre-opmular, sttb- 
operetilar, and inter-operenlar bones to be parts of the endo-skeleton. 
Hie operenlar bone Is very constantly represented by the lat^ 
dermal plate in the Stntgeon, which JUL Agassis regards aa being, with 
the supra-scapular dermal plate, an anterior continuation of the 
lateral series of dermal scales. There is also a small dermal plate 
upon the opercular flap, below the large opercular plate, and which 
small pl itf might be regarded as the homologue of the sub^percnlar 
bone. Ail the four opercular bones formin;? the diverging appendage 
of the tympano-mandihular arch were deemed by Cnvier to be 
peculiar ichtliyic super-additions to the ordinary vertebrate 
skeleton ; wliilst by Spix, Geoifroy, and De Blainville they are 
held to be modifications of part.s which exist in the endo-skeleton of 
other Vertebrata, The leiiriied Professor of Comparative Anatomy in 
King's College, who regards this as " the more philosophical mode of 
considering them," • has briefly stated the liomologics proposed by 
the 8upiK)rter8 of this view, viz. that the opercular bones arc gi- 
gantic representatires of the ossicles iji the ear (Spix, Greoffroy, 
Dr. Grant t) : or that they are dismemberments of the lower juw 
(De Blainville^ Bqjanus), — a view refuted by the discovery of 
the complicated structure of the lower jaw In certain fishes, e. 
Sudis, ijlg. 88.x which likewise possess the opercular bones : thirdly, 
that they are parts of the dermal skeleton ; In short» scales modified 

* ProfcMor Rjmcr Jono, Geoeml Ouduie of Ui« Animal KingdoiD, 8va 1S41, 

{J. 509. 

t Leetufts* Xomxl, Jan. 1 1. 1834, p. 573. ; Outlinei of Comp. Anat. p. 64. 
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iu subserviency to the breathing function ; an opinion which Professor 
Jones acknowledgca that he derived from my Lectures on Compara* 
tive Anatomy, deliYeied at St. Bartholomew'B Hospital in 1B85, and 
which he adopts. I have Bubaeqnenily seen reason to modify thai 
Wewy although it has receiyed the sanetaoo of the greatest Ichthjro- 
logist of the present day, M. Agassiz ; and although I find that, so 
early as 1826, it had presented itself under a peculiar aspect to the 
philosophical mind of Yon Baer. la his admirable paper on the 
endo* and exo-skeleton be expresses his opinion, that the opercular 
bones are (clerniul) ribs or Literal portions of the external cincture of 
the head. * The idea of the relationship of the opercular flaps to 
locomotive organs is presented by Carus, under the fanciful view of 
their homology with the wing-covers of beetles and the valves of a 
bivalve shell (i. p. 122.). In 1S3(), AL Agassiz propounded his idea 
of the relation of tlic opercuhir bones to scales in a very precise and 
definite mauiicr ; though, as I shall pi*esently sliow, the chief ground 
of his opinion vs erroneous. lie says, — " Les i)ieces opcrculuires deg 
poissons ne croissent pas, conime Ics os dcs vertchres en general, j)ar 
irradiation d'un ou de plusieurs poiutii d'ossification ; ce sont, ;iu cou- 
truire, des veritable^ dcsiilles, fornices, commc celles qui recuuvrent le 
tronc, de lames deposeea succcriijivement lea mies sous led uutres, et 
dont les bords sont souvent meme denteles comme ccux des ecailie^ 
du corps. Tehi sont Toperaile, le sub-opercule, et Tintcr-operculc. Le 
supra-scapulaire mSme peut4tre envisage comme la premiere 6caille 
de la ligne lat^ral^ dont le bord eat ^galemeni dentelL Onpounait 

* " In manchcr ntziclumg gcliilrcn die Kicmondcckel zu ihr, und ich halte sie 
urn so mehr fur (Haut) Itippcn, d. h. fur Settentbeile der itusscrn Kingc des Kopfos, 
da idi ii« aueh in den gewohnlichen KnoekenfiKhen ftir nichts anderes onsehea 
k:»rin. Hut bei diescn audi der obi rste Knochen drs Kiemendeckels wcnig Aehn- 
lichkeit mit lUppeo, so geht dagcgen der unterste ao unverkcnnbar in die strahlvn- 
d«r Kiemcnbaut uber, du der Uebcrgang gar nfeht lu rerkenncn ist" (MeckeFs 
Arckio. 1826, 3 lu-fi, p. MiO.) 

An analogous idea of the relation of the opercular bones to the inferior or costal 
arches is expreswd by tbe learned Professor <^ Comparative Anatomy in University 
College, who, speaking of the occipital verttbr.T, says — "The two external and 
tbe two lateral occipitals fonn the upper arch, and the two opercular and two sub- 
opereular bones constitute the lower areb.** (Lectures, iMmrtt^ 1834, p. 523. ) He 
Miljsc-queiiily, however, adopts and illustrates (p. 573.) the homology of the oper- 
cular bones witli the "oasicula auditi^s" of Mammalia; and in the " Outlines" 
cites only tbe S^xian and BlainvHIian hypotheses (pp. 64. 65.)- I have 
ndiliued the grounds which have led me to tlie conclusion that the opercular bones 
arc neitlier ribn of the exo-skeleton, nor inferior arches of the en do- skeleton, but 
pendstent radiating appendages of an inferior (biemal) arch ; not, however, of the 
occipit.i! vertebra, bm of tlie frontal ; just a«i the branch ioetegal rays are the ap- 
pendages of tbe b«mal arch of the parietal, and the pectoral fins of that of the 
occipital vertebr*. That parts of both endo- end e«o-skeleton may combine to 
cnti fUiilr the- oprrrular fin is the more pr(»hahle, inasmuch as wc sec the same COm< 
hinaiion of cartilaginous and dermal rays in tbe pectoral fins of the riagiofttoincs, 
and in the median fins of most Fishes; 
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dire ftnssi que le Bcapulaire n'est qu*uno tr^s grande (>caille de la 
partie ant^rieure dcs flancs** (xxn. livraison 6mc, 1836, torn, iy, 
p. 69.). And he adds, "L'opinion que j'ai emise 2k leur egard proure 
que je suis loin fl'admettre les rapports que Ton a cru trouver entre 
les pieces opercuiaircs ct les o-s^eit'ts do roreillc interne'* (lb. p. 73.). 

I apprchond that the idea <<f the development of the operciilnr 
bone-s by the successive excretiiui or deposition of layers, one beneath 
the other, according to the mode in which M. Aga.ssiz sujip )m < scales 
to be formed, was derived merely from the appearanee oi tli« con- 
centric linos on the opercular, sub-opcrcular, and iuLn -opereular 
bones in many Fishes. I liuvc i xuiiiim.d the development of the 
opcrcukr bone in young Gold-lish and Carp, and 1 liud that it is 
effected in precisely the eome manner as that of the irontal and pari- 
etal bones. The eells which regulate the intoa-Biiae^oii and depo- 
flitum of the earthy particles make their appearance in the primitive 
blastema in sooeesnTe oonoentric layers, aceording to the same law 
which presides over the concentric arrangements of the radiated 
eells around the medallaiy canals in the bones of the higher Yerte- 
brata : and the term ** sneoesnve depoBition," in the sense of excretion, 
is inapplicable to the formation of the opercolar bones* 

The inter-operenlar as well as the pre-opercular bones exist in 
the Lepidosiren anneeiens with all the characters, even to the green 
colour, of the rest of the ossified parts of the endo-skek ton: the pre* 
opercular as an appendage to the tympanic arch, the inter-opereular 
being partly attached to the hyoid arch. Of the supra*scapular there 
is no trace in the Lcpidosiren ; but in the Sturgeon it plainly exists 
i^ff' P^'*^ cartilaginous endo-skcleton, under the 

same bifurcate form, and double conne^^tion with the eartilagin(.)us 
gk'ill, as we have seen it to present in most Osseouf^ Fir^hes. The large 
triangular bony scale (If/, d 30) hrnily atlheres to its lu'oad, triangular, 
flat, outer surface. The epi- and meso-tympanic cartilages ( 25, 20) 
in like manner expand posteriorly, and give a similar support to the 
large opercular seale. Were the supporting cartilages of tlie oper- 
cular and supra-scapular scales to become ossified in the Stui jicuu, 
tliey could doubtless become anchylosed to the dermal bony plates, 
and bones, truly homologous with the opercuUr and supra-scapular 
in ordinary Osseons Fishes^ would thus be composed of parte of the 
endo- and exo-skdeton blended together. I cannot, therefore, concur 
with Yon Baer in the opinion that the opercukr bones are ribs of the 
exo-skeleton, nor with Agassis that both the opercular and supra- 
scapular bones are merely modified scales. The supra^scapular bone 
is Uie pleurapophysial element of the occipital arch, i. e. the upper or 
first part of the haBmal arch of that vertebra, and corresponds in 



Digitized by Go«J§le 



140 



LECTDBS TI» 



serial homology with the ci)i-tympflnir portion of tho mandibular 
arcli, and with the palatine, portion of the maxillary arch. Tho ojxT- 
cular bones are the diverging appendages of the tympano-mandibular 
arch, and correspond, in serial homology, with the branchiostegal 
appendages of the hyoid and the pectoral api)endage8 of the scapular 
arches, and have the same title to be regarded as cephalic fins, and as 
parts of the normal system of the vertebrate eudo-skelcton ; but 
neither opercular hones nor branchiostegal rays are retained in the 
fikeletoiis of higher Yertebrata. All diverging appendages of yer- 
tebral s^[Dients make their first appeanuioe in the Tertebrate series 
as 'rays and the opercular bones are actnallj represented bj car* 
tilaglnoas tajs, retaining their primitiTe foim In the Flagiostomes. 
In the Conger the sob-opercular still presents the form of a long and 
slender fin-ray. 

The opercular and sub-opereuLir may, in ordinary Osseous Fishes 
frequently coalesce, like the supra-scapular, with their representative 

scales of the dermal system ; but they are essentially something more 
than peculiarly developed representatives of those scales. M. Agassiz, 
indeed, excepts the pre-opercular bone fifom the category of **pilsces 
cutanees," believing it to be the homolt^e of the styloid process of 
the temporal bone in Anthropotoniy, or the * Ptylo-hyar of Tcr- 
tebrnte Anatomy, as the piece, viz. which <'omplpt r thr hyoid 
arch above. " C'est en effet," he says,'"cet os a la t u e inlernc 
duqtiel Tos hyoide des poissons est snspendn, qui s'articule en haut 
avee le mastoulicn et tres. sou vent meme sur rccaille du temporal.** 
So far as my observation has gone, it is a rare exception to find the 
hyoid areli suspended to the pre-operculum ; the rule in Osseou.s 
Fishes is to tiud the upper styliform piece of the hyoid arch attached 
to the epi-tympanic {mastotdien of Agassiz), close to its junction 
with the meso-tympanic bone. It is equally the rule to find the pre- 
opcrcnlar articulated with the epi-, meso-, and faypo-tympanics ; and 
It Is an exception, when it rises so high as to be connected with the 
mastoid {iemfie dtt temporal of Agassis). If the stylo-hyal be not 
the upper piece of the hyoid arch displaced, and if the upper piece 
connecting that arch wiUi the mastoid is to be sought for in Osseous 
Fishes, I should rather view it in the posterior half of the epi- 
tympanic, which is usually bifurcate bdow and Tery commonly idso 
above, when the posterior upper fork articulates with the mastmd, 
and the posterior lower fork with the hyoid arch. 

The normal position, form, and connections of the pre-operculum 
clearly bespeak it to be the first or proximal segment of the radiated 
appendage of the tympano-mandibular arch : the opo^nlar, sub* 
opercular, and inter.opercular bones form the distal segment of the 
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same appendage. In some of the earliest introduced lidlics on our 
planet, e.g. the CephaUispids of the Old Red Sandstone, the oper- 
cular appendages were functionally as well as homologically cephalic 
fin8» and tiie only pair of radiated appendages 00 developed fima the 
haemal arches. 

BetDrning to the eoomderatioo of the denno-akeleton, we find in 
the Sturgeon that, besides the eeplialic p1ates» it is represented by 
five longitudinal rows of dermal bones» one extending along the ndd- 
line of the back {fig* 48. eb) already noticed in the elucidation of 
the skeleton of the trunk, one akmg each side of the body (tft. dp\ and 
two along the lower part of the abdomen, betvrccn the peetoral and 
▼antral fins. The upper lateral series of scale bones is pretty 
constant ,in the exo-skeleton of litihcs, and is usually closely related 
to tlie mucous tube and its conduits, which form the so-called * lateral 
line' in tliis class. The systematic Ichthyologist finds in the va- 
rieties of this line characters for tlie distinction of genera or species. 
Th(; lateral bones, which are either perforated or grooved by its 
ducts, are modified ncides, and the scales of tishes are more or less 
modified dermal bunt-s : they do not belong to the horny or epidermal 
system, but lie between the entitle and cutis, their fore maigiu di- 
rected inwards and lodged somewhat loosw^ly in depressions of the 
cutis, and their hind margin outwards, and lirmly adherent to the 
cuticle, when Uie development of the scaless renders its existence 
possible. The scales uf the lateral line are commonly more ossified 
than those of the rest of the trunk : in the Eel tribe the lateral 
mucous ossicles are tubular and ocmcealed by the epidenn. In the 
Sole and Plaice the mucous scale bones of the lateral Une are quite 
superfidaL There are many drcnlar radiated osueles scattered over 
the dark or upper side of the skin of the TnrboL A row of small 
cheTron-shaped dermal bones extends along the median line of the 
belly of the Herrings and the extremity of each lateral process {fig* 
23. dli) is connected with that of the long and slender vertebral rib, 
completing the inferior arch, like a sternum and sternal ribs. The 
Dory has two rows of thick osseous plates along the under part of the 
abdomen; and both this fish and the Herring have been cited as 
exceptional examples of fishes with a true sternum. • But the super- 
ficial position of the ventral ossicles indicates their essentially dermal 
character, and we may regard this as another instance of the con- 
nection of the endo- and exo-skeletons in the class cf fishes. Parts 
analogous to a sternum are thus supplied from the exo-skeleton in 
the Hernug, as they arc from the splandmo-skeleton in the Liamprey 

* 6oie*s tranilation of Ginn* Cocnp^ Arat, vol. L p, 1 17. 
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{fig» 11.); but tiie true homologues of the etemnm are first seen In 
the endo-dceletoD of the Batnchie. In the Tronk-fishee ( Oameum)^ 
and Pipe-fishes {SynyrutUMd) the dermal scale bones form a con- 
tinnoiis coat of mail, like a tessellated quineondal paTemeni, oto the 
entire body. In the Lepidottemt the scales defend the body in dose- 
set oblique rows, are thick, completely ossified, and tialh an exterior 
hard, shining enamel-like layer, haying the microsoopie stmcture of 
the hard dentine of Shark's teeth \ the snljaioent oaaeoos pu*t exhibits 
the radiated corpuscles. I described the organic structure of these so- 
called * ganoid' scale bones in 1840, in both recrat and extinct 
fishes, showing that it militated against the theory of devekq[»ment 
by succossiTe deposition of layers being applied, at least, to ganoid 
sanies,* A like organisation prevails in the tri-radiate dermal bones 
wliich support tlie stronji^ spines of the Diodon ; and in the usually 
unentinjcllcd, loss regularly Ibrined and arranged, dennal ' placoid ' 
ossicles of Sharks and Knyts. The thinner subtrausparent scales of 
ordinary Os.^eous Fishes are citiier sub-circular and with entire 
margins as in the Carj), when tht>y are called 'cycloid,' or have the 
outer and Ijinder margin dentated or s})ined, as in the Perch, when 
they are called * ctenoid.* "We have seen that the primury classi- 
fication of lishcs in the system of M. Agassiz, is ^ased on these 
various modifications of the dermal skeleton. 

One of the intnesting generalisations which has risen out of the 
▼ast series of researdies on Fossil Fishes to which this eminent 
Naturalist has devoted himself, is the discovery of the progressiTe 
predominance of the exo-skdeton oTer tiie endo>skdeton as we 
descend into the strata of the earth, or, in other words, penetrate into 
past time in quest of the spedes that have been sncoessivdy blotted 
out in the revolutions of the globe. At the present day the Flaooida 
or Plagiostomoos cartilaginous fishes form a small minority of the 
class ; and amongst the existing majority of fishes called, from the 
advanced development of their internal skeleton, * Osseous,* only two 
genera e^chibit that kind of scale called * gandd : ' one of these, the 
LepidostetiSy is peculiar to North America ; the other, the Pofypterus, 
to Africa : both arc fresh-water fishes. As wc descend to the older 
tertiary deposits the niimbor of Ganoid Fishes increases, their p^eo- 
graphical relations expand, and their sphere of life was extended to 
the salt waters of the ocean. 

Thus Ichthvolites with a dense imbricated armour of polished bony 
scales occur in the marine deposits of the eocene age in our own 

* Odontography, part I p. 15. 
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island. In the chalk formations the members of both Ganoids and 
Placoids multiply npidly, and in all the older fossiliferous strata 
they exdosively represent the class of fishes. The predominance of 
osseous matter deposited in the tegumentaty system in these ancient 
extinct fishes is not unfrequently accompanied by indications of a 
semi-cartilngin<BU9 state of" the endo- skeleton, like that in the Lcpido- 
siren of the present day ; the total absence of any trace of vertebral 
centres in this fossilised skeleton of the Microdtm radiatus (No. 70. 
Fossil Fishes, Mus. ColL Chirurg.), and the vacant tract, where they 
should have been, between the bases of the neur- and hn^ma-pophyses 
which have been little disturbed ; together with the rcinains of the 
ganoid scale-armour which has ktji»t all the fossilisablc parts of the 
extinct fish ti^ether, show plainly enough that the primitive gela- 
tinoQs elMMPda donalis baa been persistent. In net one el the wi* 
merons extinet fishes of the Devonian and Silurian s^tems has a 
▼ertebral oentnun been disoorered $ but the enamelled dermal osseous 
scales and plates are richly dereloped, and most remathaUe for their 
beautiful and Taried eztenial sculpturing^ and dten for their great 
ssae* In the Coccosteus thej form a brood helmet upon the head» 
and a back-plate and breast-plate for the fore part of the trunk, and 
have been mistaken for the scntea of a TVyonyx or Mud-tortoise ; 
whilst cmly the peripheral arches and spines of the vertebrae of this 
fish were ossified, and a great proportion of the cranial Tertebrse was 
cartilaginous. In the still better defended Pterichthys and Pam« 
phractus*, which have been mistaken for extinct Crustacea, all the in« 
ternal skeleton was soft and perisliable, and the earthy salts were ex- 
clusively developed in tliat perij)hcral skel'^ton. which forms tlio sole 
calcified defence of the invertebrate classes oi r riimals. It is a striking 
and suggestive fact this prevalence of a low and rudimental state of the 
endo-skeleton, with an excessive development of the exo-skeleton, in 
the fishes of the old Silurian and Devonian btiata — the earliest 
periods at which Geology teaches that fishes were introduced into this 
planet. At the present day the l^pidosiren repeats the low con- 
dition of the endo-skeleton, but without the compensating ganoid or 
placold developments of the skin ; and the Siluroids combi&e the 
large tnberculated oeseous dermal plates with a well ossified intenud 
skeleton. The existing Sturgeons akne manifest contrasted conditions 
of the endo* and exo^eletons, like those in the ancient Cephalaspids ; 
but what is now a rare and exceptional instance of analogy to the 

* Set M. Agassis* admivablc^ phUoiopbical, and splendidlj illmtrated iiMiia* 
gnphy <* Sor ks Poiimii FoHtlci du Sjitcnie Dcmcn," 4t0b lab. SM^I. 
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testaoeons and crustaoeous InTertelinteB appears to have been the 
rule in the first-born fishes of our globe. 

These prinueval members of the Tertebrate sub-kingdom manifest 
odier remarkable traits of enibiyonie life^ The Cephalaspids of the 
Old Bed Sandstone were shaped like the tadpoles of Batnchia; the 
breathing organs and chief part of the alimentary apparatus were 
aggregated with the proper viscera of the cranial cavity, in an 
enormous cephalic enlargement; the rest of the trunk was fur loco- 
motion, and dwindled away to a point. The cephalic abdominal 
enlargement was defended by large bony scutes ; the muscular tail- 
part was, in the higher sperie-j ( Corcosteus\ strengthened by on in- 
completely developed vertei)ral axis, with intercalary and dorinal 
ej)lii<^, supporting a dorsal and an anal fin. The position of the anal 
fin proves the anus to have heen siUmtod, as in tadpoles, ira- 
mediately behind the cephalic ululMininal expansion. In the lowest 
forms, as l^erichthi/s, the mouth was small and inferior, as in the 
young tadpole, and the post-cephalic or abdominal part oi the en- 
largement very short and ill-defined. lu the Coccosteus it nearlj 
equals the cranial part of the enlai^ement^ the scuttt are fewor^ 
krger, and show the prioress of ooalescence ; the month is anterior, 
laige» and formed by well developed dentigenras upper and lower 
jaws. In this genus the oephalic or opercular i^pendages are in* 
conspicuous or reduced to the normal proportions; in l\aiypkraetiis 
and Pteriehil^s ibey form long fin-like appoidagefl^ pnjeeting Irom 
the sides of the oephalic enhugement, like the external gills of the 
Batrachian and Selachian larvn, and they may have supported 
external fringed gills in the ancient Cephalaspids. 

Genetiiof Fins. — In the order of succession of Fishes the develop- 
ment of locomotive organs is first restricted, as in most Cephalaspids, to 
the region of the head : in Pierichtkjft and Pamphraetus they project 
like pectoral fins (which M. Agassiz describes them to be) from the 
sides of the head just anterior to the division between the facial and 
nucha} plates, and from the place corresponding to that occupied by the 
pedicle of the lower jaw, IVom which the opercular tin projects in the 
Sturgeon. Tliere is no trace of true pectoral, ventral, or of vertical fins 
in these Ct;phala-pi(]s. In the Coccosteus these cephalie fins are reduced 
to ordinary opercular proportions (they appear to be represented by 
the plate b in the restored side view, given by M. Agassiz, Oj). cit. tab. 
xxiv.) ; but here we have the earliest manifestation of dori=>al and anui 
fins, without, liowever, any modification of the terminal vertebrai to 
form a caudal fin, either heterooercal or homocercal, and without the 
slightest trace of true pectoral or ventral fins. In the Dipterm and 
Gijtptokpis there are two closely approximated dorsal and two anal 
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fins, and both !\rc situated near the end of the tail, which runs into 
tlie upper lobe of an unsjonmetrical caudal fin. Now in the embryoa 
of existing Osseous I i^lics the.se vertical tins are developed from a 
single continuous lulil of integument, wliich is extended round the 
tail from the dorsal to the ventral sui tace ; u condition which we shall 
see in the tadpoles of Batrachia, and which is persistent in the Eel 
and LepidosireD. ^le growth of this fold is progres^TO at oertain 
parts and checked at others; and where development ia active the 
supporting denmJ njs make their appearance and the transfom- 
ati<m into dorsal^ anal, and caudal fins is thus ^focted. At first the 
caudal fin is unequally kbed and the terminal Tertobns extend into 
the upper and longer lohe ; the dorsals and anala are also^ at first, 
closely approximated to each other and to the caudal fin. IL Agassis 
has diown that all these embryonic characters were retained in 
many of the cxtinet fishes of the Old Bed Sandstone ; and the de- 
velopment of the caudal fin did not extend in any fish beyond the 
heteroeercal stage until the preparation of the earth's surface* had 
advanced to that stage which is called Jurassic or ooUtio in geology, 
(xxii. fasc. Svr Ic Si/steme Devonien.) 

Teleology of the Skeleton of Fish ft. — -Thus far the osteology of 
Fishes has been considered chietiy trom a homological point of 
view, and I have aimed at relieving the dryness of descriptive de- 
tail, and at connecting the multifarious jiarticulars oi tliis difhcult 
part of Comparative Anatomy iu natural order, so as to be easily 
retained in the memory, by referring to tlie relations which the 
skeletons of Fishes bear to the general plan of Vertebrate organisa- 
tion, and by indicating their analogies to transitory states of the 
embryo skeleton in higher snimalB, and to those answ^ble ooaditimis 
of the mature skeleton which, in longer lapse of tims^ haTesueoessiTely 
prevailed and passed away in the generations of species that have left 
their remains in the superimposed strata of the earth's crust 

To determine the parts of the Yertebrate skeleton which are mos 
constant; to trace fhtir general, serial, and special homol<^es^ 
under all the various modifications by which they are adapted to the 
several modes and spheres and grades of existence of the difierent 
species, should be the great aim of osteological science ; as being that 
which will reduce its facts to the most natural order, and their ex- 
position to the simplest expressions. It is impossible, in pursuing the 
requisite comparisons upwards through the higher organised classes, 
not to recognise the close and interesting analogies between the 
mature states and forms of ichthyic organs, aad the embryonic condi- 

* The aea ifl mud He made it, end His faandt prepared the dry land.**— 

Ps. xcv. 
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tiou of the &juno parts, in the higher species. But these analogies 
have been frequently overstated, or presented under unquuliiied me- 
taphorical expressions, calculated to mislead the student and to ob- 
struct the attainment of true conceptions of their nature. We dioald 
lose some most Taluable fhiits of snatoiiuesl study were we to limit 
the application of its facts to the elucidation of the imi^ of the 
Vertebrate type of oigaaisatioii, or if we were to rest satisfied with 
the detection of the analogies between the embryos of higher and the 
adults of lower species in the scale of being. We must go further, 
and in a different direction, to gain a view of the beautiful and fmit- 
fid phynological principle of the relation of each adaptation to its 
appropriate function, and if we would avoid the danger of mistaking 
analogy for homology or identity, and of attributing to inadequate 
hypotlietical secondary causes the manifestations of Design, of supreme 
Wisdom and Beneficence, which the Tarious f<nrms of the Animal 
Creation offer to our contemplation. 

To revert, tlien, to the skeleton of Fishes, with a view to the teleo- 
logical iii iiltentitjn of the facts determined by the study of this com- 
plex iiiudirKuiioii ut the animal framework. No doubt there is analogy 
between tlic eartila«;inou8 state of the endo-skeleton of Cuvier'a 
Chondiupterygians, and that of the same part in the embryos of air- 
breathing Vertebrates ; but why the gristly skeleton should be, as it 
commonly has been pronounced to be, absolutely inferior to the bony 
one is not so obvious. The ordinary course of age and decrepitude, or 
of what may be called the decay of the living body, is associated with 
a progressive accumulation of earthy and inoiganie partides, gradually 
impeding and stiffening the movements^ and Anally stopping the play 
of the vital machine. And I know not why a flexible vascular 
animal substance should be supposed to be raised in the histoh^gical 
scale because it has become impregnated, and as it were petrified, by 
the abundant intus-susception of earthy salts in its areolar tissue. It 
is perfectly intelligible that this accelerated progress to the inorganic 
state may be requisite for some special office of such calcified parts in 
the individual economy ; but not, therefore, that it is an absolute ele- 
vation of such parts in tlie sorie-^ of aninml tissue?*. 

It has been deemed no mean resuh of Corapai'ative AnntnTn^- to have 
pointed out the analogy between the shark's skeleton and that of the 
human embryo, in their iiisiolttgioal conditions ; and no doubt it is a 
very interesting one. Jiut can no insight be gained into the purpose of 
tlic uil-wise Creator, iu .so arresting tlie ordinary courj^e of osteogeny 
in the highly organised lish ? Are we to entertain no other view of 
it than as an unfinished, incomplete stage of au hypothetical serial 
development of organic fbrms ? 
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The predaceous Sharks are the most active and vigorous of fighc? ; 
like thp birds of prey thry soar, as it were, in the upper regions of 
their atmosphere, anrl, without any aid from a modified respiratory 
apparatus, devoid of an air-bladder, they habitually lunintain them- 
selves near the surface of the sen, by the actions ol their lar^^e and 
muscular fins. The gristly skeleton is in prospective harmony with 
this mode and splicre of life, and we shall subsequently lind as well 
marked modifications of the digestive and other systems of the shark, 
by which the body is rendered a.i light, and the space which 
encroaches on the muscular system as small, as might be compaUble 
with those aetioiiB. Besidee, lightness, toughneag andelastuaty m 
the qualitiee of the skeleton meet essential to the shark : to jidd to 
the contraction of the lateral inflectors* and aid in the recoil, are the 
functions which the spine is mainly required to fulfil in the act of 
locomotion, and to which its alternating elastic balls of fluid, and 
semi-ossified bi-concave TertebrsB, so admirably adapt It. To have 
bad their entire skeleton consolidated and loaded with earthy matter 
would have been an encumbrance altogether at Tariance with the 
offices which the sharks are appointed to fulfil in the economy of the 
great deep. 

Yet there are some who would shut out by easily comprehended 
but qnite gratuitous systems of progressive transmutation and self- 
creative forces, the ?nul-expanding appreciations of the final pur- 
poses of the fecund varieties of the animal structures by which we 
are drawn neare r to the great First Cause. They see notliing more in 
this modification ot tlic skeleton, which is so beautifully adapted to the 
exigencies of the highest organised of fishes, than a tbreshowing of 
the cartilaginous condition of the reptilian embryo in an enonauus 
tadpole, arrested at an incomplete stage of typical development. But 
they have been deceived by the common name given to the Plagio- 
stomous fishes : the animal basis of the shark's skeleton is not cartihigc ; 
it is not that consolidated jelly which forms the basis of the bones of 
higher Vertebrates : it has more resemUsnce to mucus; it requires 
1000 times its weight of boOing water for its solution, and is neither 
predpttated by infosi<m of galls, nor yields any gelatine upon 
evaporation. 

In like manner the modifications of the dermal skeleton of fishes 
have been yiewed too exdosively in a retrospective relation with the 
prevalent character of the skeleton of the Invertebrate animals. 
Doubtless it is in the lowest class of Vertebrntu that the examples of 
great and exclusive development of the cxo-skeleton arc most nnme* 
reus; but some anatomists, in tlicir zeal to trace the serial prograHion 
of animal forms, eeem to liave lost sight of all the vertebrate instances 

% a 
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of the bony dermal skeleton ex(;cpt those presented by the Ganoid 
and Plac'oid fishes. He niuiit have sunk to the low conception that 
nature had been limited to a certain allowance of the salts of hinc m 
the furniatiou of each unimurs skeleton, who could aflirm that in the 
higher Ycrtebrata "the internal articulated skeleton takes all 
earthy matter finr its consolidaftioii' (xzvn. |i. 537.), forgetting that 
the bulky Gljptodon and its diminutiye congeners the ArmadiUoa have 
their internal akeleton as fully developed and as eompletelj ossifled 
as in any other mammals. The otgamsiog eneigiee which perfeetand 
strengthen the osseoos internal skeleton do not destroy nor in any 
degree diminish the tendeni^ to calcareous depositions on the surface 
when the habits and sphere of life of the warm-blooded quadmped 
require a strong defensive covering from that sonroe. 

The moment that the observations of the naturalist bring to light 
the mode of life of any of those fishes which are said to retain an 
unusuid proportion of the external shell of the Invertebrata, we are 
in a condition to appreciate the adaptation of that external defensive 
covering to such Tnodc of life. The Sturgeons, for example, were 
designed to be the ftcav(HL'i r- of the great rivers ; tliey swim low, 
grovel along the bottom, feeding, in shoals, on the di l umposiug ani- 
mal and vegetable sub^^tances whicli are hurried down with the debris 
of the continents drained by tiio^se rapid currents: thus they are ever 
busied re-converting the substances, which otherwise would tend to 
corrupt the ocean, into living organised matter. These fishes are, 
therefore, duly weighted by a ballast of dense dermal osseous plates, 
not scattered at random over their sorftce^ but regularly arranged, 
as the seaman knows how ballast sbonld be^ in orderly series along 
the middle and at the sides of the body. The protection against the 
water-logged timber and stones hurried along their feeding grounds^ 
which the Sturgeons derive from their scale-armour, renders needless 
the ossification of the cartilaginous case of the brain or other parts 
of the endo-skeleton : and the weight of the armour requires that 
endo-^keleton to be kept as light as may be compatible with its elastic 
property and other functions. The Sturgeons are further acyusted to 
their ^ace in the liquid element, and endowed with the power of 
flanging their level and rising with their defensive load to the 
surface, by a large cxpan^iive air-bladder. 

These teleological interpretations of the dermal bony plates may 
give some insight into the habits and conditions of existence of tliose 
Ganoid and iieavily protected l*lacoid fishes which so predominated 
in the earlier periods of animal life in our planet ; whereas these 
Ganoids and I'lacoids have hitherto been viewed almost exclusively by 
the light of the analogy of an embryonic " Age of Fishes," or explained 
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bj the hypothesis of transmuted Crustacea. Some haTC gone so far 
as to affirm, that in all those solid parts that cover and shield the 
exterior of the body of the sturgeon and analogous fishes, " there is 
nothing in the least analogous to any part of the internal articulated 
skeleton of Vcrtebrata," but that " it is entirely a remnant of the 
superficial shells of Invertebrata." (xxvii. p. 337.) You would 
hardly suppose from these exafr<:^erat< 1 ( x{»r( -«ion*'. that both ganoid 
and placoid plates are as richly organised uud |»eiineated by nutrient 
vessels as the bones within ; and that they present the same niieio- 
scopic Miruoture as the 08sifie<l parts of the endo-skeleton, which they 
serve to protect. I have proved this with regard to the existing 
Z^idosteuSf and the extinct Lepidotus. (v. p. 14.) Drs. Peters 
and Mtiller have shown the osseons rayed corpuscles in the scales of 
Polyptems and other Gan<nds. Kay, many of the ganoid fishes have 
these modified bony scales articulated in regular series by a Idnd of 
gomphosit^Oike the pegs and sodiets by which the tiles of a roof are 
linked together. The dermal bones which form the carapace of the 
Armadiilo have the same cellolo-reticulate interior structure as the 
carpal, tarsal, or other hones of the endo-skeleton not excavated by 
a mednllaiy cavity. This is well demonstrated in the dermal bones 
of the great extinct Glyptodons. * 

The great proportion of the primitive cartilage which is retained 
in the skull of many of the Osseous Fishes, the Salmon and Pike, for 
example, and the greater proportion of the animal to the earthy 
matter in all the bones, their coarse texture, the radiating fibres of 
tlu' flat cranial boms, and the general absence of fbiitated sutures, 
are all persistent thatuti ts in Osseous Fishes, which remind the An- 
thropotomist of trunyitionul ones in the human foetus ; but the light 
of tf Irology denumstrates the perfection of such, so termed embryonic, 
conditions, in relation to the atmosphere and movements of the Fish. 
It is generally in fresli-wuter atMlmniiial Fishes that the semi-osseous 
condition of the skull is found, and the diminution of the quantity of 
heavy earthy particles may be connected with the less dense quality 
of their medium, as compared with sea-water, and with the usually 
more posterior poaitlon of the ventral fins. 

In reference to the analogies to the form of a fish, we may be re- 
minded that the head of the human embryo is dispnyportionately large. 
True : but the head of a fish must needs be large to meet and over- 
come the resistance of the fioid, in the mode moat favourable for rapid 
progression: it must therefore grow with the growth of the fish. 

* M. do BluiiiTille, in the ** G&a6nM%&» iht6o\ogiqu9%" prefixed to his great 
OateographH ," admits tbat the structure of the dermal bou«c haa a eeriain ro- 
semb)anc« with that of true bones ; but errs in stating, avec cette diflTiSrBncu 
importonte^ qu'elle n'esl jamais celluleuse et reticule." 4to. 1839, p. 12. 

L S 
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Hence the large cranial bones always show the radiating osseous spi- 
culm in their clear circumference, wliich is the active ficat of f?rowth ; 
hence the number of overlapping squamous sutures, which least 
()[)])ose the progressive ext^^n^ion of the bones. cranial cavity 

expands witli the Pxi)ansi(>n of the head : the absorbents remove 
from w ithin as the arteries are extending the osseous walls wiili ut; 
but the brain undergoes no corresponding increase ; it lies at the 
bottom of its capacious chamber, which is principally occupied 
by a loose cellular tissue, situated, like the arachnoid, between the 
pis mater tod the dura mater, and baring its cells filled with aa 
oily Hiiid, or sometimes^ as In the Sturgeon, by a compact fat 
(xxin. t. i. d09.) NoW| this condition of the envelopes of the 
brain is not only, like the fibrous tissue and squamous sutures of the 
ever-growing cranial bones» rdated to the requisite proporti<Nis of the 
fore-part of the fish for facilitating its progressive motion, but it is 
one which no embryo of a higher animal ever presents: it is as 
peculiarly ichthyic, as it is ei^resdy adapted to the exigencies of the 
lish. 

It has been held that confluence of distinct bones is a consequence 
of high circulating and respiratory energies ; yet the anchyloses of 
tlie snpra-occipital, parietal, and frontal above the cranium, and of 
the basi-occipital, basi-sphcnoid, and pre-sphenoid below the cranium 
in Lr/iidosireriy and the constant continence of the posterior and 
anterior basi-sphenoids in all bony fishes, dis])rove the constancy of 
the suppi>seii relationship, and lead us to ln(»k i"or otlier explanations of 
such coalescence of primitively or essentially distinct bones. We shall 
find a final cause for the rapid consolidation and union of the elongated 
bodies of the two middle cranial rertebne of Fishes in the necessity 
for strength in the hasis of tiiat part of the skull, from the sides of 
which the large and heavy nmndibular and hyoid arches and their 
appendages are to be suspended, and to swing freely to and fino. 
Tlie posterim' and anterior sphenoids continue distinct bones in all 
Mammalia during a period of life at whidi they form one continuous 
bone in Fishes. 

The flattened form of the frontal and parietal bones in Osseous 
Fishes has been associated with the small development of the brain 
which they protect ; but observe how they would have impeded the 
progress of the fish, had they been expanded into the dome-shaped 
vault which arches over the skull of Birds and Mammals. There was 
no need of that developm^t in Fishes ; but we must not overlook the 
fact tliat its very absence is a perfection in their structure ^ an 
adaptation to their sphere and mode of locomotion. 

The loose connections of most of the bones of the face may likewise 
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rominil the homologtst of their condition in the imperfectly developed 
fikull of the embryos of higher animals; but this condition is especi- 
ally subservient to the peculiar and extensive moveint'nts of tlur jawa, 
and of til c bones connected with the hyoid and braucliiul apparatus. 

Not anv of the liiiib?!, properly so called, of Fishes, fire prehensile ; 
the moutii may be propelled and guiJtd i;y them to the toud, but the 
act of prehension must be performed entirely by the jaws. Hence in 
many fishes both upper and lower maxillary bones enjoy movements 
of pvotvaction and retraction, u well as of opening and ahutting. The 
firm comieetiona of the upper jaw, and wedged fixitj ci the hone 
suspending the under jaw, which charaeteriae the highor Reptiles and 
Mammals^ woold he imperfections in the Fish ; in which, therefoie^ 
sneh characten are not mniy ahsent, but special dcTclopment in tiie 
oppowte direction, not unfrequentij, goes so far as to prodnce the 
most admirable mechanical a^loBtments of the maziUaiy apparatus, 
oompeasating for the absence of bands and arms like those which 
have been exemplified in the instance of the EpUndut uukSaiar 
(p. 108.^. 87.> 

We most guard oundTes* however, irom inferring absolute 
soperiority of structure from apparent complexity. The lower 
jaw of fishes might at first view seem more complex than that of 
man, because it consists of ;\ ^rrr ater number of pieces, each ramus 
being composed of two or three, and sometimes more separate bones. 
But, by parity of reasoning, the dental system of that jaw might be 
regarded as more complex, because it support.H utten three times, or 
ten times, perhaps fifty times the number of teeth which are found in 
the human jaw. We here perceive, however, only an illustration of 
the law of vegetative repetition as the character of iufcriur organ- 
isms ; and wc may view in the same light the multiplication of pieces 
of which the supporting pedicle of the jaw is composed in Fishes. 
But the great sise and tiie double glenoid or trochlear articulation of 
ihat pedide, are dcTelopments beyond, and in advance of the condi- 
tion of the bones sopporting the lower jaw in Mammalia, and relate 
both to the increase of the capaci^ of the mouth in Fishes for the 
lodgment of the great hyoid and branchial apparatus, and to the 
support of the opercnla or doors which open and close the branchial 
dttmbera. The dirisioo of tiie long ^pmpanic pedicle of Osseous 
Fishes into several partly overlapping pieces adds to its strength, and bj 
permitting a slight elastic bending of the whole diminishes the liability 
to fracture. The enormous sise, moreover, of the tympano-mandibubir 
arch, and of its diverging appendages, contributes to ensure that pro- 
portion of the head to the trunk whicli is best adapted for the pro- 
gressive motion of the fiah through the water. But without the 
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atlinission and appreciation of these pre- ordained adaptations to 
spet-ial exiironfMes in the skeleton of Fishes, the supi'rior stren^rth unci 
complex (levclopuient of tb* t yuipanir pedicle and its ap])endage« 
would be in(>xi)lieable and unintelligible in this lowefit and tlrst-bom 
class of Vertebrate animal?. 

In contrasting the skeh t in^ of tlic Fiah find Mnmroal, with refer- 
ence to hypothetical secondary origins of organic species; such, for 
example, as that transmutation and progressive ascent of spt^^fic 
forms ; the vast disparity uf the hyoidean arch, in point of siae, com* 
plexitf, and strength, both intrinsic, and as due to its eQimeetioii8» 
must not be overlooked. Its small siae, simple structure^ and loose 
suspension in the flesh, have led to its being reckoned in Anthro- 
potomy as a single bone ; and it is rarely preserved in the artificial 
skeletons of man or beast : whilst if absoluto and relatiye magnitude^ 
oomplextty of structure, and importance of function, are tests of the 
grade of Ofganisation of a part, the progress of devdopment must he 
held to have been reversed in respect of the hjoid arch ; which, with 
its appendage^ offiws the highest grade in Fish and the lowest in 
Man. And why this great difference — this striking exception to the 
general condition of the ichthyic organisation? It is explicable only 
on teieological principles. It is true the Fish tastes not with its 
tongue, neither does it speak : the sole function of the human tongue- 
bone, which is performed by that of the fish, is that which is in subser- 
viency to deglutition. But this function is not in relation to food 
alone; all the mechanical |>art of breathing in the tish is a modified 
act of swallowing. The hyoid arch is the chief poiul of suspension of 
the visceral arches which snpf)ort tho gills; and the branchiostegal 
membranes, stretched out upon the diverging rays uf the hyoid arch, 
regulate the course and exit of the respiratory currents : thus the 
mechanical functions of the thorax of the air-breathing classes are 
transferred to the hyoid arch and its appendages in Fishes. 

By the retraction of the hyoid arch the opercular doors are forced 
open, and the hranehial cavitj 2s widened ; whilst all entry from be* 
hind is prevented by the branchiostegal membranes, which dose the 
posterior brandiial slits: the water, therefore, enters by the gaping 
month, and rushes through the sieve>like interspaces of the branchial 
arches into the branchial cavity: the mouth then shuts, the opercular 
doors press upon the branchial and hyoid arches, which again advance 
forwards, and the branchiostegal membranes being withdrawn, the 
currents rush out at the open posterior branchial orifices. These 
functions are the true condition of the high development of the os 
hyoides in fishes. 

I have noticed the great development, the persistence^ and ossifi- 
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cation of the branchial arches in connection with the transitory 
nuHiifestation of cartilaginous branchial arches in the larvae of the 
Batrachia : this is one of those similarities that has led to the meta- 
phorical expressions of " gi*^antic tadpole?," as applied to fishes. 
But we Fee how admirnlily the bruncln'al arches arc adapted to the 
aquatic resi)iratiou of the lish, by tlseir advance to a trrade of devc- 
lopiiH'iit, which they aj'e never destined to attain in the frog. 
Observe their tirm ossification, their elastic joint-, the sieve-like 
valves developed from the side next to the nioutli, pre-arranged with 
the utmost complexity liiiJ nicety of adjustment to prevent the entry 
of liny particles of food or other irritating matters into the inter- 
space of the tender, higiiiy vascular, and sensitive gills. Observe, 
■]ao» how the last pair of these arches is reduced to the capacity of 
the pharynx which it surround^ Low it is thickened In order to 
support teeth of mnltifona character, according to the nature of the 
food; in short» converted into an accessory pair of jaws^ and the 
most important of tiie twa In no other Vertebrate AnimslB is tiie 
mouth provided with maxillary instruments at both fore and hind 
aperturea : in no other part of the ichthyic organisation is the special 
diyergence from any conceivable progressive scale of ascending 
structore culminating in Man so plainly marked as in this. 

All writers on Animal Mechanics have shown how admirably the 
whole form of the fish is adapted to the element in wluch it lives 
and moves : the viscera arc packed in a small compass, in a cavity 
brou{rht forwards close to the head ; and %vhilst the consequent abro- 
gntin?! of tlie neck j;ives the advantage of a more jixed and resisting 
connection of the head to the trunk, a greater proportion of the trunk 
behind is left free for the development and allocation of the muscular 
masjios w hich are to move the tail. In the caudal, wbi(;h is usually 
the longest, portion of the trunk, transverse processes cease to be 
developed, whilst dermal and intercalary spines shoot out from the 
middle line above and below, and give the vertically extended, com- 
prestted ionu, most efficient for the lateral strokes, by the rapid alter- 
nation of which the fish is propelled forwards in the diagonal, be** 
tween the direction of those forces. The advantage of the bi-coacave 
form of vertebra with intervening elastic capsules of gelatinous fluid, 
in effecting a combination of the resilient with the muscular power, 
is atill more obvious in the Bony Fishes than in the Sharlc. 

Tou may be reminded that all the vertebra of the trunk are dis* 
tinct from one another at one stage of the quadruped's development, 
as in the fish throughout life; and you might suppose that the 
absence of that development and confluence of certain vertebras 
near the tail, to form a sacrum, was a mark of inferiority in fishes. 
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But note what a hindrance such a fettering of the movements of the 
caudal vertebras wouUl ho to creatures which progre??' by alternate 
vigorous inflections ot a muscular tail. A sacrum is a consolidation 
of a grcnttT or less j)roporti()n of the vertebral axis of the bo<ly, 
for tlie transference of rnoic or less of tlio weight of the body 
upon limbs organised for its support on dry land ; such a moditi- 
eatinn would have been useless to the tish, and not only useless, 
but a liuidruuce and a defect. 

The pectoral fins, those curtailed prototypes of the fine*Urabs of 
other Yertebrata, with the U»t segment, or hand, aloud projecting 
freely from the tronky end swelhed in a oommon undivided tego- 
menteiy aheath, present a condition analogous to that of the emInTO 
buds of the homologous members in the higher Vertebrate. But 
what would have been the effect if both arm and fore-ann had 
also extended freely from the side of the fish, and dangled as 
a long fiezable manj^jointed appendage in the water ? This higher 
development as it is termed^ in relation to the prehensile limb of the 
denisen of dry land, would have been an imperfection in the structure 
of the creature which is to cleave the liquid element : in it, therefore, 
the fore linib is reduced to the Bi)K\11c<t proportions consistent with 
its required functi )n> : the brachial and antibrachial B<^mente are 
abrogated, or hidden in the trunk : the hand alone projects and can 
be applied, when the fi5?h darts forwards, prone and flat, by flexion of 
the wrist, to the side of the trunk ; or it may be extended at right 
angles, with its flat surfticea turned forwards and backwards, so as 
to check and arreiit more or less suddenly, according to its degree 
of extension, the proprress of the tish ; its breadth may also be dimi- 
nished or increased bv ri] tproximating or divaricating the rsiys. In 
the act ut' flexion, the tin slightly rotates aud gives an obh*|ue stroke 
to the water. For these functions, however, the hand requires as 
much extra development in breadth, as reduction in length and 
thickness; and mark how this is given to the so-called embryo or 
rudimental fore-limb: It b gained by the addition of ten, twenty, or 
it may be even a hundred digital rays, beyond the number to which 
the fingers are restricted, in the hand of the higher classes of 
Yertebrata. We find, moreover, as numerous and striking modi* 
fieations of the pectoral fins, in a^ustment to the peculiar ha- 
bits of the species in Fishes^ as we do of the fore Urnbs in any 
of the higher classes. This fin may wield a formidable and 
special weapon of offence, as in many l^luroid fishes* But the modi- 
fled hands have a more constant secondary office, that of touch, and 
are applied to ascertain tlie nature of surrounding olgects, and par- 
ticularly the character of the bottom of the water in whidi the fish 
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may live. You may witness the tactile action of tlie pectoral fins 
when gold fish are tran^ferrf d to a strange vessel : their eyes are so 
placed as to prevent their seeing what is bch)w thera ; so they compress 
their :iir bladder, and allow themselves to sink near the bottom, wiiicli 
they sweep as it were, by rapid and delicate vibrations of the pectoral 
fins, apparently afic*2rtaininf!j that no sharp t-Aonr w -\ivk projects up- 
wards, which might injure them in their rapiil jnovcuients round their 
prison. It" the pectorals arc to perform a special ottiee of exploration 
certain digits are liberated from the web, uud are specially endowed 
with nervous power for a finer sense of touch, as we see in the gur- 
nards, when they oompenatte for the Iom of the taetile property con* 
sequent on the hard eovering of the eztoiw of the mon^ in these 
mailed-cheeked fishes (Jimet euirasifet, Car.) 

Certain Lophioids living on sand'banks that are left diy at low 
water, are enabled to hop aflker the retreating tide hj a special 
prolongation of the carpal joint of the pectoral fin, which fin in these 
'frog-fishes* projects like the limb of a terrestrial quadruped and 
presents two distinct segments clear of the trunk. 

The sharks, whose form of hod/ and strength of tail enable them 
to swim near the surface of the ocean, are further adapted for this 
sphere of activity and compensated for the absence of an air-bladder 
by the large proportional size and strength of their pectoral fins, 
which take a g^reater share in their active and varied evolutions than 
they can do in onlinury tishes. 

The flat-bodieil Rays, equally devoid <d' an air-bladder, and with a 
long and slender tail, deprived of its ordinary propelling powers, 
grovel at the bottom ; but have a still greater development of the 
hands, u hit_U surpass in breadth the whole trunk, and react with 
greater torce upon it in raising it from the bottom, by virtue of a 
special modification uf the scupuLar areli, whicii is directly attuelied to 
the ilursal vertebrae. 

Nor is the pectoral member restricted in length where its office, in 
subserviency to the special exigencies of the fish, draiands a develop* 
ment in that direction ; the fingers of the Exocah»9 or DaeiylopieruM, 
are as long, and the web which they sustain as broad, as in the ex- 
panded wing of the fiytng mammaL Everywhere^ whatever re- 
semblance or analogy we may perceive in the icbthyic modifications 
of the Vertebrate skeleton to the lower forms or the embtjos of the 
higher classes, we shall find such analogies to be the result of special 
adaptations for the purpose or function for which that part of the fish 
is designed. 

The ventral fins or homologues of the hind-legs are still more 

rudimental — still more embiyonic^ having in view the compari* 

/ 
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son with tlie stag« ~ nf dcveloproent in a land aiiiinnl — tliau tlie 
pectoral lius; and ihcir small proportional size rem nuls tlic homo- 
logist of the later appearance ol the hind limbs, in the development 
of the land Vertebrate. But the hind limbs more immediately i l ite 
to the support and progression of an annual on dry land tluiu the 
fore limbs : the legs are the sole terrestrial locomotive organs in 
Birds, whose fore-limbs are exclusively modilied, as wings, for motion 
in aDOther element. The legs are the sole organ of support and pro- 
greaiioa in Man, whose pectoral members or arms are liberated from 
that office and mftde entirely subaervient to the Taried purposes to 
which aa inventlTe faculty and an intdligent will wonld apply them. 
To what purpose tiien, encumber a creature^ always floating in a 
medium of nearly the same spedfle gravity as itself, with hind limbs ? 
They oould he of no use : nay) to oreatores that can only attain their 
prey> or escape their enemy, by yigorous altemate strokes <^ the hind 
part of the trunk, the attachment there of long flexible limbs would 
be a grievous hindrance, a very mon>%trosity. So^ therefore, we find 
the All-wise Creator has restricted the development and connections 
of the hind limbs of Fishes to the dimensions and to the form which, 
whilst suited to the limited functions they arc capable of in this class, 
would prevent their interfering with the action of more important 
parts of the l(KH)motive machinery. 

In most fishes the ventral fins merely mm bine with the pectoral 
fins in raij^ing, and in preventing as outriggers, tlio rolling of the 
body; but some very interesting modifications of the ventral fins, in 
relation to particular liabits of certain species, may be noticed. In 
the Blennies, the Forked Hake {Phycis\ the Forked Beard {Rani- 
ccps)y and some other fishes, the ventral fins are reduced to filamentary 
feelers. In the Lump-suckers {Cyclopterus), the ventrals unite to- 
gether, and combine with part of the pectorals to form a sucking di.sc 
or organ of adhesion, below the head, just as the opercular and 
branehiostegal flns axe united together to form the giU-oover. In 
the long-bodied and small-headed abdominal ilshe% the ventrals are 
situated near the anus, where they best subserve the oiBoe of ae- 
cessoiy balancers \ in the laige-headed thoracic and jugular fishes, the 
loose suspendon of these fina^ and the absence of any connection with 
a sacral part of the vertebral column, permits their transference 
forward?, to aid the pectoral fins in raising the head. 

The following short account of some experiments upon fish, made 
for the purpose of ascertaining the use of their fins, I give in the 
words of their gifted describcr, Palbt, to whom Comparative Physio- 
logy owes many i)eautiful accessions to its teleological applications. 

"In most fish, beaide the great lin — the tail, we find two pairs of 
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fins upoa the sidefl^ two single ins upon the Uukt and one upon the 
belly, or ndiflr hetireen the belly and the taiL The batancing use of 
these organs is proTed in this manner. Of the ]aige*headed fish, if 
you cut off the pectoral finsi that is the pair which lies close behind 
the gi]]% the head ftUs prone to the bottom ; if the right pectoral fin 
only be cut o£^ the fish leans to that side ; if the ventral fin on the 
same side be cut away then it loses its equilibrium entirely ; if the 
dorsal and anal tins be cut off, the fish reels to the right and left: 
when the fish diea^that is, when the fins cease to play, the belly turns 
upwards. The use of the same parts for motion is seen in the follow- 
ing obr^prvBtion upon them when put into aetion. Tho pectoral, and 
morv jiarticularly the ventral fins, serve to raise and depress the fish ; 
win 11 the flsli desires to have a retrograde motion, a stroke forward 
witii the pectoral fin effectually produces it ; if the fish desire to turn 
either way, a single blow with the tail the oppoRite way sends it 
round at once ; if the tail strike botii ways, the motiou praduced by 
the double lash is progressive, and enables the fish to dart forwards 
with an astonishing velocity. The result is not only in some cases 
the most rapid, but in aU cases the moat gentle, pliant, easy, animal 
motion with which we are acquainted. However, when the tail is 
cut off, the fish loses all motion, and it gives itself up to where the 
water impels it The rest of the fins, therefore, so far as respects 
motion, seem to be merely subndiaxy to this. In their mechanical 
use the anal fin may be reA on ed the keel ; the Tentral fins outriggers ; 
the pectoral fins the oars; and If there be any similitude between 
these parts of a boat and a fish, observe that it is not the resemblance 
of imitation, but the likeness which arises from applying similar 
mechanical means to the same purpose." (zli. p^ 267.) * 

• See alio CvUito Hiil. Tniu. 1806, p. S. 
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LECTURE VII. 

1IU8CULAB SYSTEM OW FI8HS8. 



The modification of the muscles, or active organs of motion, and 
their deviation from the fundamental vertebrate type, proceed conco- 
mitantly with the metamor{>ho.-iis of tlie passive organs of motion, fn 
the M}'elt ncojihalii rise in the scale and gain higher and more varied 
endowments : therefore, as the segments of the skeleton preserve 
the greatest amount of uniforn)ity in the lowest class, so does the 
principle of vegetative repetition most prevail in the corresponding 
segments of the muscular system. 

The chief masACS of this system in ordinary Osseous Fishes are 
disposed on eaeh ride of the trunk, in a series of Tertical flakes or 
aegmenta^ corresponding in number with the TertehriK. Etch lateral 
flake {3fyoeommaf Jig, 44. a, b, c) is attached bj its inner bofder to 




the osseous and aponeurotic parts of the corresj)onding vertically 
extended segment of the endo-skeleton, by its outer border to the 
skin, and by its fore and hind surfaces to an aponeurotic septum 
common to it and the contiguous myocommata. The gelatinous 
tissue of these septa ia diiaolred by boiling, and the muscular seg- 

IfOIi. II. *M 9 
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ments or flakes are tlicn onnily separated, as v,e fiiul in carving a cod 
or salmon at table. The vegetative similarity of the myoconimata of 
the trunk has led to their being described, by an abuse of syntiiesie, 
as parts of one individual 'great side-mn«cle * *, extending from the 
occiput and scapular arch to the bases of the caudal fin-rays. The 
modifieations of the cranial vertebrae impress correspondinj^ changes 
on their muscular segments, and the essential individuality of these 
se<rmenta has, on tlic other hand, been lust sight of, through the 
opposite excess of analytic separation : special names are, however, 
eonveDiently applied to their constituent, and in fact often separated 
and independently acting, fasciculi. 

The fibres of Mcb myocomma of the trunk run stmight and nearly 
borizontaUy from one septum to the next ; but they are peculiarly 
grouped, so as usually to form semi-conical masses^ of which the 
upper (a), and lower (jfy haye their apices turned backwards; whilst 
a middle cone {e), formed by the contiguous parts of the preceding^ 
has its apex directed forwards; this fits into the interspace between 
the antecedent upper and lower cones, the apices of which recipro- 
cally enter the depressions in the succeeding segm^t, and thus all 
the B^;ment8 are firmly locked together, their general direction 
being from ^vithuut obliquely inwards and backwards, and their peri- 
pheral borders describing the aig-zag course represented in Jig. 44, 
in which one myocomma is repi-esented partly detached, and others 
quite removed from the side of the abdomen. Thus, guided by the 
fundamental segmental type of the vertebrate structure, we come 
to recognise the 'grand muscle lateral' of Cuvier, as a group of 
essfutiully distinct vertical masses or segnjents. A superficial view 
of these segments, or an artificial analysis, has led to their being 
regarded as ibrniing a series of horizontal muscles extending length- 
wise from the head to the tail : the upper portions (a) of the myo- 
commata being grouped together, and described as a dorsal longin 
tudinal muscle with t^idinous intersections directed downwards and 
backwards; the lower portions (6) as a ventral longitudinal musd^ with 
tendinous intersections directed downwards and forwardsi whilst the 
margins of the middle portions of the myocommata (e) being curved, 
and usually bisected by the lateral mucous line, have been taken as 
indications of two intmaediato longitudinal muscles. In the Sharks, 
indeed, instead of a curve the margins of the middle portions of die- 
myocommata form an angle with the apex turned forwards ; and in. 
the Bays the dorsal segments of the myocommata have actually 

• " Dr, ,,ran,h mutcJf» lafcmnX dm trOM. II n*J CD • CSMIItiwllcnWDt qu'ttll de 

chaque cvti." (ixiii. i. p. 287.) 
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become insulated from the middle ones, and metamorphosed into a 
continuous longitudinal mn-( Ie {Jig, 45. «) ; the change being esserv- 
tially the same as tliut whicli the bony segments themselves un- 
44 a dergo, when by anchylosis the sacral or cranial vertebrae 
are blended into a continuous longitudinal piece.* In 
the Mackerel Professor Miiller found the middle fibres of 
the caudal myocommata disposed in two entire cones: 
Jig, 44. a, U a trmBvene aeetion of the tail to abow the 
two concentric series of eat segments of the sheathed 
cones^ on each side the spincf 
In ordinary osseous Fishes the myooommata of one side 
aie sepazated fiom those of the opposite side of the body bj the 
Tertebra^ by the intemeoral and interiuBmal aponeuioses* and by 
the abdiNDinal cavity and its proper walls (44^ A /»). The ventral 
portions recede from each ether to give passage to the ventral fins 
and the ventral and lateral tracts separate to give passage to 
the pectoral fins (p). 

Frank this part forwards, portions of the myocommata undergo 
that change, analogous to anchylosis, which justifies their being 
regarded as distinct longitudinal muscles: here tlie separated ventnil 
tract (subcoracoideus, d,f) derives a firmer origin from the ossified, 
though slender haemapophysis of the atlas (epicoracoid), when it 
exists ; and, in consequence of the peculiar forward curve c^f the 
stroll!! hannapophysis of the occiput (coracoid), it is not only ex- 
panded but unusually elongated, in order to be inserted there. But 
the serial homology of this fasciculus with the more normal ventral 
portions tif the succeeding myocommata, the hacmapophysial attadi* 
ments of which have not risen above the aponenrotic state, is omnia* 
takeable. The lateral portiott of the anterior myooonama is attached 
to the upper end of the ooracoid and to the scapula; the dorsal por- 
tion to the supra-scapola, par-ocdpital and snpra-ocdpitaL We 
recognise the dorsal portion of the posterior cranial myoconuna in 
the fasdcttlus called 'protractor scapnln' (»)> which extends from 
the supra-scapola forwards to the parietal and frontal eristic ; and 
the middle portion in that which is exposed by the removal of the 
operculam, and which extends from the scapula to the mastoid in the 

• The continuators of Cuvier gioap the porttons of the mjrocommaU abov^e the 
lateral line into three longitudinal mtiadcf. eompved TCspeetivelj to tfit <apimUs 
doni,' •loogiirimua dorsit' and 'sacro-lumbaru ;' and the portions below the hm 
ioto two muscles. vU. <obli(|Uui abdoininis,* and 'rectus abdominifc* (xiii. i. 
pp. 305. 327.) : but Profeiw Miillar bM w»11 ihown that tht homologttci of tbt 
obliqui abdontuin do not exist in FnhM. (mil. p. SS9.) 

t Sm xu. tab. iz. fig. 14. 
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Perch ( /) ; antl, in some fishes, also, from the aponeurotic septum 
between the branrhiul and abdominn! cavity, to the lateral and lower 
parts of the crMiiiuni. The prutraetor scapula; in the Skate and 
Torpedo (45. i) is of considt?rable length, in consequence of the hack- 
ward displacement of the scapular arch (s), and of <rreat strengtli, by 
reason of the enormous pectoral appendage which xlut arch Mistaius. 
The represezitatives of dorsal and middle portions of a second cranial 
myocomma, in the Perch, are seen in the protometor tympaui (44. k) 
and in the retractor maziUsc (m) : a lower paraUd snbqoadrate por- 
tion of the same s^ment pasaee from the preopereulum and tjrmpanle 
pedicle to the coronoid process of the lower jaw, and forme the ' loYator 
mandibultt * ( »). A cephalic continuation of the ventral aegniente of 
the mjooonunata ie recognieahle in the fiasciculos which paasM for- 
wards in part (^) directly from the subcoraccndeus (d,/}, in part 
(f ) from the ooracoid itself, to the basi- and uro-hyals, and whicli, 
if it does not perform, as Cuvier states, all the fnnctions of the 
stemo-hyoid, represents the muscle to which that name is given in 
higher vertebrata, and proves it to be, in its general homology, the 
ventral segment of a cranial myocomma. 

Other dismemberments of the cranial niyocomniata arc modified to 
act specially upon the branchial arche;> : one of tlie?;e fasciculi is the 
branchi-depressor (o) : it rises from the basi-liyal, and passes obliquely 
backwards to be inserted into the plmryngeal or last branchial arch : 
two other fasciculi rise from the coracoid, and converge to be similarly 
inscrtcfl, forming the branchi-retrat'tores (/i, q). Several small fasciculi 
from the sides of the cranium are inserted into the cpibrauchiab 
and the lirst two pharyngo-branchials, forming the branchi-levatorcb 
(r). There are also several transverse and oblique moseles, peculiar 
to the branchial arches. The ventral portion of the most anterior 
of the myocommata extends between the apex of the hyoidean and 
that of the mandibular arches: Cuvier recognises its special homo- 
logy with the genio-hyoideus (A) : it protracts the hyoid arch ; it 
retracts the mandibular arch ; and, when the lower jaw is left free 
to move upon the tympanic pedicle, it depresses the jaw. There is 
no digastricus r>r {>roper depressor of the mandible in Fishes. A 
strong muscle (/) from the postfrontal is inserted into the pterygoid ; 
and partly through that, and partly by direct insertion into the pre- 
tympanic, it raises and protracts the tMu panic pedicle. The oper- 
culum, or fin of the tympanic pedicle, has a levator or extensor {k) 
and n depressor muscle ; the one rides from the mastoid, the other 
from tli!^ petrosal or alisphenoid. 

In the Angler each of the long rays of the branchiwstcgal lin has 
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its proper muscles, which rise from tlie sustaining hyoiUiau arch. 
A more constant and important muscle rises from tlie oi)ercnluni and 
guboperculura, and attaches itself to the inner surface of the branchi- 
ostegal rays, expanding over the vvliole membrane of the branchial 
chamber, and the more completely as the chamber becomes more 
circumscribed, and its outlet smaller. In the Lcpidosiren Uie homo- 
logous muscle rises not only from the suboperculnm hut fipom the 
ramus of the jaw, and, meeting its fellow along » median n^h^ 
beneath the head and hyoid arch, represents the 'mjb-hyoideiis'* 
The mnseabr investment of the branchial chamber of the Torpedo 

(45. r) receives a fascicolas 
45 from the scapula, and sends 
another (ift. o) forwards to the 
cranium, from which the con- 
strictor of the electric battery 
is continued. 

In most osseous fishes there 
is a decussating pair of 
muscles (depressores branchi- 
ostegorum) which rise from 
the base of one ceratoliyal, 
and are inserted into the lower 
branchiostegals of the oppo- 
site side. 

The levator and abductor 
muscle (44, «) of the pectoral 
flu rises from the coraecHid, 
and descends obliquely to its 
inMition by distinct fasciculi 
into the bases of the fin -rays : 
the depressor and abductor {t) 
of the pectoral is deeper seated, and usuaUy rises from the radius , 
it ascends to its insertion. There are two posterior or adductor 
musdes, whose fibres are obKque and decussate, but in opposite di- 
rections to the abductors, and tending also, in separate action, to 
raise or depress the fin. There are small special muscles in most 
fiahes for divaricating the fin rays. The muscles of the pectoral tin 
are well developed in sharks ; enormously so in the skate and 
torpedo, where the horizontal position of the fin involves further 
modifications. In Jifj. 4.5. the letter s shows the ' levator pectOwHs,' 
and t the upper radiated muscle of the digits. 

• sxuii. p. 358. pi. 24. 6g. 4. a. 
M 4 
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The pubic arch supporting the ventral fins, is attachefl in the 
Perch hy a pair of slender longitudinal muscles {w) to the prolonged 
luemAl arch, sometimes called ' pelvis,' of the first caudal, and which, 
in its coorae to the pal»c arch, siinoiiiids the anus : the length of 
these muscles is moderate in tiie Tentral fishes, considerable in the 
thoracic^ and extreme in the jugular fishes» in which th^ s im ula te 
the 'reeti abdominis.* It is probable that the external 'sphineler 
ani* of Mammals is the reduced homologne of these muscles. In 
general homology they must be viewed as the lowest Tentral strip of 
a single myocomma» more or less developed in accoihmodation to the 
▼aiying dUstance between the last abdominal and first caudal, its 
proper, hsemal arches, which variation relates to ^e office required 
to be performed by the ventral fins, or appendages of the last abdomi- 
nal hflsmal arch, in the different i^ecies of fishes. The protractors of 
the pubic arch are attached, when present, to the apex of the coracoid 
arch. Transverse muscles extend from one pubic bone to the other ; 
and similarly disposed special muscles serve to contract tlie span of 
the mandibular and hyoidean arches. The levators and depressors 
of the ventral fin arc inserted, as in the pectorals, by as many 
fasciculi as there are digital rays. 

The deeper -seated fibres of the scgraents, which together constitute 
the great lateral muscular masses of the tnnik, alter slightly their 
direction, and, in the abdomen, represent the * iutercostals,' passing 
from one vertebral rib to another, and from one aponeurotic repre- 
sentative of the sternal rib (imeripHo tendineOf /i, p,) to another. 

The myocommata answering to the neural and hnmal spines of the 
suppressed centres of the terminal caudal vertebrw, change their di- 
rection like those spinesi slightly diverging from the axis of the trunk 
to be inserted into them: these modified terminal segments {z), by 
their connection with the interlocked myocommata of the great lateral 
masses, concentrate the chief force of those muscles upon the caudal 
fin. Special scries of small dermal muscles are inserted into the rays 
of the dorsal, anal, and caudal fins: the dorsal and anal rajs have each 
six fasciculi, two superficial (a*) and four deep-seated (y), which rise 
from the expanded dagger-shaped interneural and interhscmal spines. 
Beneath the muscles of the tail-fin which terminate the lateral series 
of myoeommata, tliere are long and slender fasciculi wliich rise di- 
rectly from the coiiipressed coalesced bodies of the terminal caudal 
vertebra\ and are inserted into the bases of the diverging rays. Other 
small muscles psiss from the bases to act upon the more distant parts 
of the rays. Slender longitudinal muscles, ' supra carinales,' extend 
along the midline of the back from the occiput to tlie first dorsal, and 
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along the interspaces of the dorsal fins in tlic Cod : similar muscles 
extend from the last dorsal to the caudal fin (u) in the Perch ; and 
* iiifra-carinales* (t?) extend from the anal to the caudal along the keel 
of the tail. In the. Gymnotus tlic supra-carinalcs form a single pair, 
which extends from the occiput to the end of the tail. The mo- 
dified cranio-dermal spines, which constitute the oval sucking-disc of 
the Remora, liavc a complex series of minute muscles, which raise or 
depress the transverse hittice-work ; and thus become the means of 
giving the little feeble fi^ih all the advantage of the rapid course of 
the whale or the ship to wliicii it iinxy have attached itself. The 
muscular and membranous webs of the coalesced pectorals and 
ventrals of the Lump-fish, form a sucker on die opposite surface of 
the bodj, by which it maj eafelj anchor itaelf to the rock, in the 
midst of the tnrholent amf or storm-tossed breaker. 

Hie muscles of the gills* the ejebaU, the air-bladder, and other 
spedal organs will be described with the parts they move. 

The muscular tissue (myonine) of fishes is usually colonrlesi^ olbeii 
opaline^ or yeOowtsh $ white when boiled : the mnsdes of the pectoral 
fins of the Sturgeon and Shark are^ however, deeper ooloured than 
the others ; and most of the muscles of the Tunny are red, like those 
of the warm-blooded classes. The want of colour relates to the com- 
paratively small proportion of red Uood circuilAted through the 
muscular system* ; and to the smaller proportion of red-particles in 
the blood of fishes : the exceptions cited seem to depend on increased 
circulation with great energy of action ; and, in the Bonito and Tunny, 
with a greater quantity of blood aud a higher temperature j than in 
other fishes. The deep orange colour of the ile»h of the Salmon and 
Char depends on a peculiar oil diff used through the celluhu- sheaths 
of the fibres. The muscular fasciculi of Fishes are usually short and 
simple : and very rarely converge to be inserted by tendinous chords.^ 
The proj)oiiion of myonine is greater in fishes than in other Ver- 
tebrata; the irritability of its fibres is considerable, and is long 
retained. Fishermen take advantage of this property, and induce 
rigid muscular contraction, long after the usual signs of life have 
disappeared, by transverse cuts and immersion c£ the muscles in cold 
water: this operation, by which the firmness and specific gravilj of 
the muscular tissue are increased, is called ' crimping.' 

There are many and great modifications of the muscular system of 
Fishes, especially in the aberrant orders at the two extremes of the 
class: Carus has illustrated some of these in the Flagiostomes (zldl 

* xvna, pp. 4, 16, t <» I xux. p. 9. 



Digitized by Google 



170 



LECTURE Vn. 



tab. iv.): a full and accuruto detail of tlie myology oi the Myxinoiils. 
together with a philosophical comparison of the musculur gystem uf 
Fishes p-enerally with that of the higher Vertebrata, will be luund 
in XXI. pp. 179 -24G. But the determination of the special, serial, 
and general homologies, and the recognition of the various individual 
adaptive modiflcationsy of the mnscles of FiBhes, still Temain a rich 
and litile-explored field for the laboura of the myologiat. 

The normal charactw of Icbthyie myology shows itself in the vast 
proportion of the vegetativdy repeated myocommata, oonv^ponding 
with the vertebral arches, as compared with the superadded system 
of muscles subservient to the action of their diverging appendages : 
but this condition, which, inasmuch as it deviates so little from Uie 
fundamental typ; , throws so much light ui)on the essential nature 
and homologies of the muscles of the Vertebrata, is not less ad- 
mirably and expressly adapti^d to the habits and medium of existence 
of the Fish. The interlocked myocommata of the trunk constitute, 
physiologically, two great lateral Tnu=?cular ma??es, adapted by their 
attachments, and especially by those of the anterior and posterior 
ends, to bend viL^orously from side to side, with the whole force of 
their alternatin<^ antajjronistic contractions, the caudal moiety of the 
trunk ; producing that double lush of the tail by which the fish darts 
forwards with such velocity. "When the lateral muscles are more 
violently contracted, 80 as to bend the whole trunk, the recoil may 
even raise and propel the fish some distance from its native element : 
thus the salmon overleaps the roaring cataract which opposes its 
migration to the shallow sources whither an irresistible instinct 
impels it to the business of spawning ; and thus the flying-fish, in the 
extremity of danger, baffles its pursuer by springing aloft, and pro- 
longs its oblique course through the air by the rapid fluttering of its 
outspread pectorals. When the anterior portions of the great lateral 
masses act fivm the trunk as a fixed point upon the head, they move 
it rapidly and forcibly from side to side : in this way the Siluri deal 
severe blows with their outstretched serrated pectoral spines; thus 
the Percoid and Cottoid Fishes strike with their oi)ercular spines ; 
and so likewise may the Saw-fish (iVw/t«), and Sword-fish {Xiphiajf)^ 
wield their formidable weapons, although their deadly cut or thrust is 
commonly deliver(!d with the whole impetus of the onward COturse, 
the head being ri'iiiUy fixed upon the trunk. 

The supra-cariuules, combining with the dorsal portions of the 
m_) i»i uiiiniata, give tension to the region of the Lack, slightly raise 
the tail, and depress the dorsal fins. The infra-carinales, in combi- 
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nfttion with the retractores pubis, tend to compresB the abdomen, to 
constrict the anua, and to depxesa the tail. 

The muscles of the pectoral tins, though, compared with those of 
the homologous members in liiglier vertebrates, thej are very small, 
few, and simple, yet suffice for all the requisite movements of the 
fins ; elevating, depressing, advancing, and again laying them prone 
and flat, by an oblique stroke, upon the sides of the body. The rays 
or digits of both pectorals and vfiitruls, as well as those of the 
median tins, can be divaricated and iipproxinmtt'd, the iiitcrveiiiiijL^ 
wt'hs spread out or foUh'd iij>, and tlie oxtciit of surface required 
to react upon the ambient nie(liuni in each change aiid degree of 
motion, can be duly regulated at pleasure. 



LECTURE Vm. 

NEBV0U8 8T8TBH OF FI8HE8. 



The neural axis is a simple continuous chord in tlie Laneelet 
{Branchiostoma, Jig,^f md.)t of opaline sub-transparency, ductile 




DtagiiB «r AiMtonf of tte LiBMltt. AriNMUM«Bm 



and elastic, flattened, composed entirely of nucleated cells * showing 
a feeble indication of a median linear arrangement, which becomes 
more general and distinct at the anterior end, where the axis becomes 
cylindrical and terminates obtusely: the nerves, trigeminal (oA), and 
optic ipp), in connection with this slightly modified part of tiic axis, 
indicate it to be the brain. Tliis is the most siinjde persistent con- 
dition of tlie central organs of the nervous system known in the 
Vertebrate sub-kingdom: it is tyjjilied by that of the Entozoa in the 
articulate sub-kingdom. In all other Fishes the fore part of the 
neural axis receives the vagal, trigeminal, and special-sense nerves, 

• Ptof. Goodiir, Issxix. 
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and devdtopes and snpporte ganglionio masses principally diaposed 
in a linear series parallel with the axis: this part is called the ' brain' 
or eneephalon: the rest of the axis I term the * mjelon'* ; retainiDg 
its columnar or chord-character, and, being lodged in the canal of 
the spinal column, it is usnaUj defined as the medulla ^inalis^ spinal 
marrow, or spinal chord. 

In the Lamprey the inyclon is flattened, opaline, ductile, and 
elastic, as in the Lancelet and other Dermopteri : in typical Fishes 
it i8 inelastic and opaque, cylindrical or sub -depressed, of jn mly 
uniform diameter, ^rmrlually tapering in the caudal region to a point 
in heterocercal Fishes, but swelling again into a small terminal 
ganglion I in most homocercal Fishes. 

The Ilunterian preparation of the skate {Bnia Baits, No. 1347.) 
shows a slight (brachial or pectoral) enlargement ol the myclon 
where the numerous large nervea are sent off to the great pectoral 
fios|:: a feebler brachial enlargement may be noticed in the Sharks. 
I ha?e not recognised it in osseous Fishes ; not even in those with 
enormous pectorals adapted for flight e. g» Exocaim and JHu^* 
hpterus : in the latter the small ganglicmie risings upon the dorsal 
columns of the cervical region of the mjdon receive nerves of sen- 
sation from the free soft rays of the pectorab, and the homdogoiu 
ganglions are more marked in other Guznards {TrufU), whidi have 
from three to five and someHmee six pairs, e. g. in Trigla AdrkUiea. { 
Similar myelonal cervical ganglions are present, also^ in Aly- 
nemus. In the heterocercal Sturgeon there is a feeble expulsion of 
the myelon at the beginning of the caudal r(^on, whence it is con- 
tinued, gradually diminishing to a point along the neural canal in 
the upper lobe of the tail. In some bony fishes (Trout, Blenny), the 
caudal ganglion is not quite terminal, and is less marked than in the 
Cod or Bream, in which it is of a hard texture, but receives the last 

* Gt. imcXoY, At an mpoXogf for proposing a name, eapable of being 

Iiiflccled adjectively, for a most Itnportant part of the body uliich has hitlierto 
received none, I may oboerve that, so loog aa the brief defiaitions, ' marrow of the 
sptnei,**dM»rd of th« spine,* are subttitutad Ibr a proper oamo, all propositiom r*> 
specting it must continue t ' I" periphrastic, e.g. *riisca.vcs of tlie spinal inarrow/ 
'fuootionsof the spinal chord,' instead of 'myslooaldiseasefl,* * mydoiial functions; ' 
or, if Has pathologist fip«aks of * spinal diaeaa^* nwaning diacMC of fhe apinal mamnr, 
lie is liable to he niisumlerstootl as rcft'rrliig to disease of tlic spinal or vertebral 
column. But, were the Aimtomist to speak of tbe canal in the spinal marrow of 
Fisbea as the ' myelonal canal,' be would at once dutinguish it mm tbe eanal of 
tlic spinal column. The generally accepted term • chorda,' or ' cliorda dorsnlis,' for 
the embryonic gelatinous basis of the spine, adds another source of confiision likeljf 
to aiiae IVom me use of tbe term 'spinal dHwd,' applied to tbe myelon, or albu- 
miaous contents of the spinal cana). 

f till, p 6. ; uv. p. 26. (in the Cod ). 

iTbis structure is aceuntely figured by Mr. Svan In ut. pL xi, 
LT. pi. S. fig. 4. p. lOS. ; and tuu p. pi. S. Hg. S4» 25. 
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pair of &pin»X nerves. Tlie libsetice of this ganglion in the SImrk 
shows that it relates not to the strength of the tail but to its fomii us 
*A depending on the ooncentration and ooalescence of the 
tenniual vertebrsa; except, indeed, where such meta* 
morphosid is extreme, us, e. g. in Orthagoriscus mola^ 
and where it afteets the entire condition of the myelon, 
which has shrunk into a .siiort, conical, and, according 
to Arsaki fr,iii. tab. iii. Jig. 10.), gangliated appendage 
to ti»c eucephnlon. A like singuhir modilication, but 
witliout tlic •/aiiLrlionie structure, obtains in Tctrodon 
and Diudoit, in a species of whicli latter genu3 I found 
th<» Hjyelon ( Jlo. 47. m.) only four lines lony in a tish 
of seven iiicijcs in lengtli, and uit-a.^urinu; tlirce inches 
across the head. The neural canal in these Plec> 
tognathic fishes is chiefly occupied by a lout;; * cuuda 
equina' (ib. c. e.). But, insiguilicant the niyelon 
here seems, it is sumethiug more than merely unre- 
solved nerve fibres: transverse white striie are dis- 
•raiQaodMyc. cemible in it, with grey matter, showing it to be a 
im,iha4om. neTTOus foreo, not a mere eonductor. In the 



Lophiiifl a long cauda etioina partly coneeaU a short 
mjdon which terminates in a point at about the tw<dfth vertebra ; 
in other fishes the myelon is vciy nearlj or quite oo-extensive with 
the neural canal, and there is no canda equina, or bundle of nerve 
roots, in the canal : a tendinous thread sometimes ties the terminal 
ganglion to the end of the canal. 

A shallow longitudinal fissure divides the ventral surface, and 
a deeper one the dorsal surface, of the myelon, into equal moieties : 
a feeble longitudinal lateral impression (Sturgeon) subdivides these 
into dorsal and venti-al columns : in other fishes (Cod, Herring) these 
are separated by a lateral tract, and six columns or chord." may be 
distinguished in the myelon; two dorsal or sensorv. two veuti-al or 
motory ; and two latfrnl or restiform tracts. A minute cylindrical 
canal extends from the fourth ventricle. Ikm, 'th (ventrad of) the 
bottom of the dorsal lissure, alon? tlie entire nivelon ; this canal 
is not exposeil in tlie recent fish by merely divaricating the dorsal 
columns. Both lateral halves of the myelon have grey matter in 
their interior, uiul white transverse striiC. Althoupfh many fishes 
(Bream, Dursk) show a slight enlargement at each junction of the 
nerve roots with the myelon, the anatomical student will look in vain 
in the recent Eel, or Lump-fish, for that ganglionic structure of the 
mjelon which the descriptions of Cuvier* might lead him to expect* 



* XX 111. i. p. 323.; xni. iii. p. 176. 
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As tli<^ iiiyclnn njij)ri)aclie.i the enctplinlou it oxpaini^, aini thrt 
luUowing I'liaiigcs nmy l»e lure observtd, in the Cod and Shark : in 
the ventml rdhiniu:* n short longitudinnl groove di- 
vides a narrower nu'(lian ' prc-jiyraniidul ' tract ( ./rv. 
48. (t), tVoin a hrdii'lcr hittral 'olivary' tract {ib. b) : 
in the dor-al culumii^ a iiu'«lian ' fuiiicuhir ' tract {ib. c), 
J is gimihirly marked ot!" from a hiteral 'post-pyramidal* 
Ciii^^^^ r tract {d) ; this is now, also, distinguished hy a deeper 
5^i.ioD of tnrduiu ^^^^^ latcTal OT 'mtifomi* tract (c), 

rtiJiw""' inferior part of which a distinct slender por- 

tion is also sometimes defined. The post-pyramidal 
tracts diveiige^ expand and blend antoiorly with the similarly bul- 
ging restiform tracts, forming the side-walls of a triangular or 
rhomboidal cavity, called the 'fourth ▼entride' : the pre-pyramidal 
and olivary tracts forming the floor of the ventricle, are coverod below 
by a thin superficial layer of transverse *arciform fibres'* (t6. m) 
concealing their boundary fissures. At the bottom of the ventricle 
the myelonal canal is exposed, and its sides swell and rise as rounded 
or * tcretial * tracts {ih,f) | from the floor of the ventricle, diverging 
slightly as they advance, and exposing an intermediate * nodular ' 
tract; this structure is well seen in the Sturgeon and Selacbe : two 
lateral prominent * vagal ' columns, also, project inwards into the 
ventricle, from the conjoined restiform and post-pyramidjil tract? ; 
these vagal columns present a series of iiodub's, corresponding with 
the fasciculi of the roots of the great vagal nerve in Selache : (Prep. 
1311 A\ 

In the ( yprinoid n^hf,- the median inferior tract rises into the 
ventricle, and is devt:loped into a smooth hemispheric mass, the 
'nodulus' {Jig- 51. k) : the conjoined post-pyramidal and ii*stiform 
walls swell outwards, and form large lateral 'vagal' lobes {^fig. 
51. A): these are remarkably developed, and are nodulated in the 
Carp, which is so tenacious of life. The vagal lobes are enormously 
developed in the Torpedo ; they join the trigeminal lobes, and present 
a yellowish colour In the recent fish : many non-nucleated cells are 
present in their substance ; they give origin to the nerves of the 
electric organs, and liave been called *lobi electrici* ; but the vagal 
lobes are scarcely less remarkable for their siae In the Gymnotus, 
where they have no direct connection with any of the nerves of the 
electric organs. In the Cod the vagal ganglions are obsolete^ and 



* Homologous with the «*fiUmenti araifermi" of Rolando^ tviii. p. 170. t. L 

fig. 2. 

t Three are called "vordere pyramiden" by Dr. Stannius, vn. p. 43. 
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the Tiodulns s^lightly swells above, and oliliterates the ' cuUimus 
scriptorius.' In the Lucioperca the vagal lubes are not vpry dis- 
tinct, but they mark the commencement^ and form the broadest part, 
of the very ioiig medulla ol»longata, the re^tit'urm tracts diminishing 
in size as they advance, lu no other Vertebrata save iishcs are the 
va^al lobes and the nodulus present. 

The posterior pyramids, which are the encephalic continuation of 
the posterior myelonsl columns, diYerging as they are pushed aside 
by the deeper-seated tracts that fonn the floor of the fouith ventricle, 
and combining with the lateral columns to form the corpus resti- 
forme and the basis of the vagal lobes^ qait those columns to 
converge, sscend, and unite togetlwr above the anterior opening of 
the fourth ventricle : they there form either a simple bridge or com- 
missure {fig, 54. c), or are developed upwards and backwards into a 
ganglionic mass, over-arching the ventncle ; thifi mass is the * cere- 
bellum ' {figs. 47 — 53. c). It is formed chiefly by the post-pyramidal 
columns, but doubtless derives some share of the proper lateral or 
restiform fibres, as the result of the previous confluence of these with 
the post-pyramids. 

The cereljcllum retains its earliest cnibryoni*' form of n simple 
commissural bridge or fohl in the parasitic suctorial ('vrlorstomes, 
in the heavily laden ganoid Polypterus *, and in the almost Un- 
less Lepidosiren {Jig. oA. c)f; it attains its higliest development, 
in the present class, in the Sharks, where it not only covers tlic 
fourtli ventricle, bnt advances over the optic lobes, and in the Saw- 
fish extends beyond them to rest upon the cerebrum : its surface is 
further extended in these active predaceous fislies by numerous trans- 
verse folds {fig. 55. c). In most osseous fishes the cerebellum is 

a smooth convex body; bemispheroid 
{pi. 50. c), or transversely subeUiptic 
(£el)» or longitudinal^ subelliptio (Lepi- 
dosteus, fig. 49. c}, or an oMong body 
(Diodon,/^. 47. c), or it is depressed and 
tfmgue-shi^ped (Ckid)> or oval, or pyra- 
midal (Perch): it is very rarely found 
extending forwards, as in Echineit and 
Amblyopsis ipeUeusX {fig. 50. c), over any 
part of the optic lobes ; but often back- 
wards over the whole fourth ventricle, as 
in the Cod, the l>!(Hlon ; or over the major 
part of the ventricle, as in the Herring, the Eel; but sometimes 
covering only a small portion, as in the Lump-fish, the Lepidosteus, 

* XVI, p. S4. pi. ii. 6g« 5. 7. ^ xxziii. p. 339. pi. 97. 

\ See Dr. Wyman'a excellent deaeription of tliU fish» in txzxvi. 
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and tJic Sturn'eon. The relative size of the cerebellum, accord- 
iugly, varies greatly in difl'erent bony fishes : it is very small in the 
Iftzj Lunip-lisli, and extremely large in the active and warm- 
blooded Tuuuy, where also its surface shows transverse ^roovings. 
The cerebelluiu is unsymmetrically plaecd in tiie Pike and Flat- 
fish {PleuronecUdat), and is unsjmmetrically shaped in the Shades ; 
it presents a posterior notch in the Herring, a transverse notch 
dividing it into an anterior and posterior lobe in the Lophius» and 
a emdal impression in the Slcate. The cerebellum presents in 
many fishes a small cavity or fossa at its under par^ continued froui 
the fourth ventricle c)s it is solid in tlie Tenchi the Gar- 

Fike^ and the oommon Eel; some grey matter is usually found in 
its interior, with feeble indicationa of white string but there is no 
* arbor vitn^* except in the Xonny and the Sharks. 

The posterior 'crura cerebelli' 
'^ititl^^t formed, as we have seen, by 

Iwarl fe ;-;,^ the posterior pyramids in oon- 
*^ junction with part of the resti- 

SectloD ofBradn, Cwp. ^^^^^ , ^^^^^^ fll^^es from 

the side of the cerebellum continue to attach it to the sides of the 
restiform or trigeminal lobe?, and some of these are continued, as 
arciform filaments, upon the under surface of the medulla oblongata : 
they answer to the * crura cerebelli ad pontcm' of mammalia; but, 
as there are no lateral lobes to the cerebellum in Fishes, these crura 
are rudimentary, and the 'pons' is absent. In the Shark they con- 
nect the sides of the base of the cerebellum ^vith the ' rcstil'orm 
commissure * (^gs. 48 and 65. /.). In most Fishes two fasciculi of 
medullary fibres proceed, as 'anterior crura,' from the under and 
fore part of the cerebellum, or conveige from the lateral and fore 
part fbrwards, to fonn the inner wall or septum (Jig, 52. r) of the 
optic lobes: theae answer to the 'processus cerebello ad testes ' of 
the human brain : they are connected below their origin at the under 
part of the cerebellum by one or two tranverse ftsdculi of white 
fibres, forming the 'commissura ansnlata,' which crosses the pre- 
pyramids just behind the 'hypoaria* (J^, 53. n). The inferior white 
surface of tlic cerebellum which forms the roof of the fourth ven* 
tricle is called ' discus cerebelli,' and from this part small tubercles 
project in a few fishes (e. g. Blennius). 

The re^tiform columns, quitting the postpyramidal crura of the 
cerebellum, and having effected by their previous confluence therewith 
some interchange of lilaments, swell out at the anteririr Intcrnl parts 
of the medulla oblongata, and give origin to the great trigeminal 
nerve. They here form considerable ^ trigeminal lobes ' in the 
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Loach and Herring (/?^. 52. i), and also in the Sturgeon and Chi- 
maera, where they are closclj connected with a thick vascuhir mass of 
piR mater and arachnoid. The trigeminal lobes are Uirge in the 
Skate; enormous and blended with the vagal lobes In the Torpedo : 
1>nt in most Osseons Fishes (Lepidostens, Cod,) the/ are not developed 
BO as to merit the name of lobes. In the Cod the inner sorfsoes of 
the restifonn bodies project into the fourth Tentriole^ and obliterate 
the foxe partof the ' calamus' by meeting above it ; this commissure, 
which is beneath the cerehellom, I call the * commissnra restifonnis ; * 
it is rsmarfcablj developed in the Carekarku, where it seems to 
form a small supplemental cerebeUom beneath the large normal one^ 
(Jig. 55. 1).* In figure 48. the medulla oblongata is cut across, 
tiie fourth ventricle exposed from behind, and the restifonn com- 
missure^ 4 i^ raised : it has an anterior and posterior median notch. 

The pHmary division of the brain, which consists of the medulla 
oblongata with the cerebellum and other less constant appendages in 
Fishes, is called the * cpencephalon : * it is relatively larger, occupies 
a greater proportion of tlie eranium. an<l is more complex and diver- 
sified in this than in any of the higher classes of V^ertebrata. 

The next Hucceft'tling primary divii^ifui of the brain, is called the 
* meaencepiiuluii : ' it is usually the largest divi.Hiuii in u^-i'ous Fishes, 
and consists of two upper spheroidal bodies, called 'optic lobes 'f (o), 
of two lower subspherical bodies, called 'hypoaria'^ (n), with inter- 
vening connecting walls enclosing a cuvity, called the * third ventricle,' 
which is prolonged downwards into the pedicle of the ' hypophysis ' or 
pituitary gland ( p\ and upwards into that of the * conarium ' or pineal 
gland (to). The prepyramidal colnmns are continued forwards, along 
the floor of the fourth voitricle, where they are covered hj a thin 
layer of medullary fibres^ to the hypoazia and prosencephalon ; some 
fibres blending with the wall of Ihe third ventndeand the base of the 
optic lobes. The transverse * ansolate ' commissure^ which unites 
or crosses the prepyramids before they penetrate the hypoaria, is 
veiy obvious in the Sturgeon and Perch, where it is figured by 
Gk»ttsche (Lvn. pi. iv., y?^. 7. Q : it may be regarded as the most 
anterior of the arciform filaments, which feeUy r^tresent the pons 
Varolii in fishes. The restiform columns are expended chiefly in 
forming the walls of the third ventricle and the base and exterior 

* The medullary Umtna which Valentin describes as crotMsing the posterior point 
of the caUuBDUH hi Uw Chinwn, nay be the bomohtgue of the rcitilbnn eenmiiiure. 
MulM Atebiv. S8. lab. 9. fig. 8. 9. 

t ' Lobes crcux,* Cuvier, xxnt. !. p. 31 0. But the cerebellum and bypoeria are like- 
wise < hollow lobes.' and the proMOCcphak aie hollow in the Lcpidoiireii end Sburkei 

\ * Lol>es infdrieur^' ib. 

VOL. n. ir 
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wallB of the optic lobes, » small part 00I7 bdng continued forwards 
to the eerebrom in most Osseous Fishes. The anterior cerebellar 
emm are chiefly lost in the inner walli^ septum, or longitudinal 
commissure of the optic lobes* 

These lobes are commonly of a subq;»herical figure^ and larger 
than the cerebral lobes (as in figs. 47. 49. 51, 52. o) ; they are often 
larger than the cerebellom, (t6. ib*) \ they are of equal size with the 
cerebellum in the Eel; are smaller than the cerebral lobes, but 
larger than the cerebellum, in the Folypterua and Lepidosiren 
54. o.) ; they are smaller than cither the cerebrum or cerebellum in 
the Amblyopvis spelmis {fig. 50. 0.), and in the Sharks {fig. 00.0). 
In the latter they bear the same proportion to the optic nerves and 
eyes u.s in other fishes, their small relative size depending on the 
advanced development of both cerebellum and cerebrum : in the 
blind Amblyopsis oi' the subttTraneoub waters, the diminution of the 
optic lobes relates to the almost total abrogation of the visual organ : 
but since both in the iVmblyupsiss and the cquuilj bliinl jM^ xiac these 
lobes are present, they cannot be exclusively the central ganglion of 
the optic nerve, nor their sole function that of receiving the im- 
pressions of the sense of nght, giving them form, and making them 
perceptible and tenable as ideas hj the animaL 

The optic k>bes are hollow in most fishes. The exterior surface 
shows blended grey and white matter, the white fibres couTexging 
to the optic nerves on the outer side of the lobes, and passing trans- 
Tersely from one lobe to the other from their inner sides across the 
▼eatriele. * Some of these fibres unite with the anterior crura of 
the cerebellum to form the 'kmgitudinal commissure' {fig* 52. r\ 
which consists of two or four medullary fasciculi, decreasing 
in the Tench, increasing in the Cod, as they pass forwards, f 
On divaricating the optic lobes from above, their cavity or ventricle 
is exposed : its floor is variously Cdnfigurated in different fishes. 
There are one or two small white tubercles (' tuberculi optici,'^ir. 51, 
52. t^ on each side of tliu back part of the septum : the Pike and Perch 
show lour of these bodies, the Carp and Herring two ; in the Carp they 
are oblong, juxtaposed, and were called 'tuberculuin cordiforme* by 
Holler I J they are not present lu the Polypterus, Lepidosiren, Sturgeon, 

* Thcw trmmne flbnt un anal^iM to tlw • eorjni* Mllomiuv' bnt aol homo- 
logoiw with it, M Carus (xciv.), Cuvier (xxiii.), and Gottidi« nippoMd, 
f Aiiato^^ous to tbe * fimus,* but not homologous with il^ m Gottscho contewib 

(lviu. p. 2(>6'.) 

X ui. In tbe Saimo Vmbta^ where they are iuur iu nuiuUer, Haller called them 
•corpora qnodi^HDina : * Cuvier, iIks rtgards them «• ■mwering to the *coffponi 
quadrigemina * of Munmali (xxui. L p. nuatehing a nlation of anelogy 

one of hotnologj. 
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or Plagiostome fishes. External to tlicse tubercles the floor of the 
\ ( iitriole usually rises into u curved eminence with its convexity 
outwards; this is the 'torus semicircularis' of Ilaller * (////. .>2. w.) 
In tlie Carp, where the great physiologist first describe*! and named 
them, they are large, and much curved : in general the *tori' describe 
only a small portion of a circle ; and in some bony fish, as the Gar- 
pike^ Loach, and Lump-fish, they are scarcely raised above the 
level of the floor of the Tentride. They are not developed in the Po- 
plytenis, the Lepidoaizen or the higher Plagiostomes ; and both tori 
and ghibali are peeoliar ichthyic derelopaienta in the ▼entrieleaef the 
optio lobes. The bottom of the optic ventricle anterior and external 
to the tori, is grej, and nsoally prominoit {Jig, 62. v)^ with white 
fibres radiating throagh it to rise and expand npon the walls of the 
lobes. The optic lobes have almost coalesced in the Folyptems, Lepi- 
dosiren, Amblyopsis, Eel, and Loach ( Cobitis). Where they appear 
distinct externally, as in most osseoos fishes, they are brought into 
mutual communication by one or two commissures, besides the so- 
called 'corpus callosum ;' the anterior * commissura transversa* is 
shown in tlie Herring {fig, 62. «)} it crosses in front of the entry to 
the third ventricle, t 

In the Myxine and Lepidosiren 
tlie prej)ynunidiil fibres curve sud- 
denly forwards and upwards be- 
fore expanding into tlie lloor and 
sitles of the third ventricle, and 
they thus form a small protube- 
rance beneath the basis of the 
optic lobes (/j^. 54. »). In the 
Sharit the same columns swell 
ont lateraUy and form two small 
protuberances {fig, 55. n)t separated below by the vascular (hypo« 
physial) floor of the third ventride* In most osseous fishes the 
corresponding fibres of the prepyramidal tracts swell out suddenly, 
beneath the optic lobes^ into two protuberant well-defined oval 




Optic TcntriclM ; 
Hwrtng. 




BaM Qf brain ; Cod. 



* us. t. lii. p. 901. It is aiwIogoiM to^ but not, Ooltsebe w pfomt, homolo* 
gout with, the ' thalamus opticus ' of the Mammalkn bndn. It is ncitbcr MistogoiM 

to nor homologous with the 'corpus striatum.* 

I Cuvier atfirins (xxui. t. i. p. HI 6.) that this "necessarily answers to the aii- 
tcrior commitnire of the cerebrum but it hM only a nmote analogy with it, in 
■o fiur Mtbe meehaninn of the whole mceenecphalon of Oaaeous FiriMt reaembles 
that of the cerebrum in Mammuls, whilst the true homology of the mesencephalon 
does not extend beyond the parts immediately surrnunding the third TOntriole and 
the *iter ' to the fourth in the Mammalian cerebrum. 

M 8 
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ganglions (' hypoaria,* fig. 53. n)*: their bulk is increased by added 
grey matter, which variegates their outer surface; they are well 
developed in the common Cod, in which, as in some other fishes, 
they contain a canity called * hypoarian ventricle.' In some SalmO' 
nid<£ their surface is striated; in some CyprinidiB (Tench) they 
are confluent; but commonly they are distinct, and have in tlieir 
inferior inleiBpace » TMeolar medullary depressed sac (the 'hsema* 
tosocy' Jig, 58. o)t iisuaUj oblong, as in the Cod, xarelj liifid or oordi- 
form, as in the Lmnp-fish. These prominenees from the floor of 
the mesenoephaloo, posterior to the infuadibnlnm and hTpophysis^ 
are peculiar to the brain of fishes, and, in tbdr fnll development^ are 
restricted to the typloal osseovs member of the class; they are absent 
in tiie lowest, and disappear in the highest orders ; they are mere 
rudiments, or are wanting, in the Polyptaros, as in the still more 
amphibioid Lepidosiren. 

The true vasculo-membranons infundibular downward prolongation 
of the third ventricle exists in all osseous Fishes, and extends from 
the anterior angle of the hypoaria where these exist ; the infun- 
dibulnm is commonly short and thick, so that the hypophysis is 
almost sessile, as in the Cod ; but in the Lophius, the infundibulum is 
io iLiM than the entire brain, and the bypoj)hy8is lies at the fore-part 
of the eranial cavity, far in advance of tiie cerebral lobes. | In the 
Cod the hypophysis ifig. 53. p) is a sub-sj)herieal mass with an 
irre«»ular or slightly nodulated surface, almost iiall' Ihc mz<c ol the 
human, so called, 'pituitary gland,' aud well exemplifies the vast propor- 
tional size of this constant appendage to the brain of Fishes. In the 
Lepidosiren the inlhndibidnm is wide^ and the hypophysis a white 
flattened discoid body (Jig. 54. p).X In sU fishes it is richly supplied 
with yessds, and is closely attached to the floor of the cranium ; but, 
although its early development checks or modifies that of the crsnial 
Tertebrae^ it is not provided with a special chamber or ' seUa.' The 
prolongations of the fibres from the mesencephalon whidh expand 
into the prosencephsfie or proper cerdNral lobes lareljr show any 
preliminary development of * thslami but the parts homologoos 
with those recruiting ganglia are constantly indicated by the attach- 
ment of the oonarium, or upper prolongation of the third ▼entride. 

The conarium { figs. 50. 54, 55. w) is as constant an i^wndsge 
the encephalon in Fishes, as the hypophysis ; but is commonly only a 
Tasculo-membranous pyramidal sac continued from the third ven- 

* Analogous to the < corpora mammillaria ' of the hiimui braia, b«t not homo- 

lo^otiit with them, as Arsaki (mii,). Desmonlin'; (tapifin,) Ittppoaed. Cufior 
defines them as Ihe * lobes ini^rieurs,' zxiiL i. p. 318. 
f LX. p. 5G. t. ii. fig. 1. 

t The hjppophym ia marked 9 in xntii pL S7. 6g. 4., and ii eallcd «mam* 
miliary body' in L^iMrmk «MMef0«t» ib^ p. Stfl. 
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tricle ; the base expanding from between the anterior interspace of 
tho optic lobes, and the apex directed forwards and attached to the 
roof of the cranium. Some medullary matter mingles with the mem- 
branous walls of the conarium in theClupeoid and Cjprinoid Fishes : 
in Porae fishes there is ^rey matter in the conarium: in most it is 
membranous only, as in the Lcpidosiren, Sturgeon, and Shark : in all 
It is highly vascular. In the Bream the conarium .^hows an analogous 
peculiarity to that of the liyp'^l v is ii^ the Antrler, viz., in the 
length and tenuity of its attachment ; but tliis consists oi two distinct 
crura. The vahie of the constancy of the hypophypis and conarium 
consists chiefly in their marking the bouudiuy line between the nies- 
and pxoi-encephala, although they belong to the meseueephalon and 
are both eaaentianj yertical prolongations of the third ventricle 
tluNNigh an interspace produced bj tbe diTarieaftion of the main 
lateral eolumna of the enoephalon.* 

The faecicafi continued forwards firom the parietes of the third 
Tentricle or mesencephalic bari^ are {windpal)^ those which nay be 
traced back through the epenoephalon to the anterior and Uteral 
mjelonal tracts^ augmented by fibres firom the grey centres or lobes 
Hurough which they have passed, and retaining a small adnuxture of 
post-pyramidal fibres from the optic septum (Jig, 63^ n). In Osseous 
fishes the two cerebral crura, so constituted, rarely undergo any 
enlargement, hom<^ogous with the *■ thalami,* where they form the 
anterior boundary of the third ventricle ; but after a very brief course, 
as * crura cerebri,' radiate into two small suhspherical *prosencephalic' 
masses t of {rroy matter {fig. 53. r.), situated antci-ior \o the optic lobes, 
and there in great part terminate. A few of the medulhtry fibres 
extend along the base of the prosencephalon, receive a small tract of 
its grey matter, converge to the anterior interspace of its lobes, and 
eitiier expand there into * rhinencephala ' {JigS' 49, 50. h)., t)r are 
continued forwards and outwards^ as * rhinencephalic crura' (^Jigs. 47. 

* Is this vertical slit hotnologous with the encqthalie ring pcrfonted by tb* 
oesophagus in Invertebrata ? 

t Influenced by tbe iaappUctbility of tbe (ems •hw^lMffc** to perta which 
an num eommonly epliem at •phenidib and to avoid uiieoiMqitioii by tboM 
who atloch to the «roid 'eorebtuni* the idee of the whole brain minus ' cerebellum* 
and * medulla oblonfi^ata,' or who may restrict the term * cerebral hemispheres' to 
the suppr-imposed masses of the lateral ventrick-s in high»>T Wrtehrata, I sliall 
appl^- the term ' proseacephalun ' (o the constant divisioa ut tiie bram m question, 
and pweanriephelfc lobe* or proeeiMephela to ite ooamioDly distinet moictiM; It 
is ualbrtiime Ibr the ttndent of enatoniy that* as hit intradvctioo to the 
science by tbe human structure, he should become acquainted with these peril of 
the brain under the nnme of * hemtsphereii* ae if they were two halve« of an essen- 
tially spherical whole or single organ. la most \ ertebrata the homologous parts 
are preaented to our view under a fimn more agrceeUe to their true duplex nature. 
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51. 55. z)y to form the olfactory lobea^ or glDglia (ib. r), at aome 
distance from the brain. Although the prosencephalic lobes are com- 
monly in contact with the optic lobes, yet something- analogous to the 
displacement of the rhinenoephala may be ^r-' n in tlie prosence- 
phala of the Polyptenis and Le{)i(lo?ircn, in which the procense- 
phalic crura advance some way l>clure they expand into the prosen- 
cephala : in the I*lagiostome?», also, tlie prosencephalic crura {^ff- 55, x) 
have a short in«lepondent cour,<e in advance of the optic lobes. 

The ]u\)sencephala arc distinguished iVoui the optic lobes by their 
grey pinkish cxterioi, and, generally, also by their lisfturcd or nodu* 
latcd surface. The tirst of these characters must be looked for in 
recent fish : the second is more permanent, and may be seen in the 
preparations of the brain of the Eel {Anguilh acuHrottru^ No. 1309| B»); 
of the Lump-fifth ( Cydopterus, No. 1309, C.) ; of the Giinuurd ( Trigkt 
It^ra^ No. 1309, D') ; and especially in the specimen f)i the hratn of 
the Cod (No. 1309)» which Hunter truly, though briefly, deaeribes as 
follows : — <* The cerebrum fissured ; the cerebettum a long projecting 
body, also fissured in a less degree ; the naiee two pngectiiig bodies : 
the optic nerves decussate one another." This is the earliest recog- 
nition of the homology of the optic lobes with tiie anterior of the 
bigeminal bodies of the human brun. With regard to the ' cerebrum* 
of the Cod, a median tract or convohiiion is marked off by a longi- 
tudinal fissure, which extends along the back of each prosencephalon, 
defining also a ))osterior and inferior oCMlToIution ; the median con- 
volution h vertically fissured on its inner nde. In the Amblyopsis 
(_fiff. r) it is cleft anteriorly ; and here, as in most fisht's, the 
median longitudinal tract is the most constant subdiTiaion of the 
prosencephalic superficies. 

The large elongated prosencephala are smooth in i*olyptcrus and Le- 
pidosiren (/^. 54. r), arid in the still more devclo^^ed confluent mass 

54 in the Shark-^ ( ////. r>o. i") ; the pro- 

r/. sencophala are, also, smooth in the 
Myxines, where they arc relatively 
smallest. The comparative ana- 
Braiu ot Lcpidoiircn. tomlsts, who havo foiled to recog- 

nise the true homology of the pro- 
sencephalon in Osseous Fishes, app(^ to have been misled chiefly by 
its small proportional siae, which is commonly that exhibited in these 
preparations of the brain of the Cod 0%r.63» p)^theGarp,and the Globe- 
fish * } in some species the prosencephalon is still smaller, as in the 
Gar-fish, the Herring (Jf^* 52, v), or the Lump-fish. The prosencephalon 

* The prop iratimis exhibited end here alluded to are tbote numbered 1909, 

1309 A, 1309 m. 
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equals the cerebellum in size, but is less than the optic lobes in the Perch 
and Bream ; it equals the optic lobes, but is less than the cerebellum in 
theKel; in the Stickleback and Gurnard the prosencephalon exceeds the 
cerebellum ; still more so in the Lepidosteus, but is less than the optic 
loltcs ; in the Lucioj)erca, the Amblyopsis, and the Skate, neither the 
cerebellum nor the optic lobes are so large as tlic prosencephalon ; in 
the large Sharks their united size scarcely equals that of tlie j)rosen- 
cephalon ; and in the Salamandroid Polypterus and the Lepidosiren 
the prosencephalic lobes surpass all the rest of the brain, and manifest 
their true cerebral character and importance. In the Amblyopsis the 
relative magnitude of the prosencephalon is due to the diminution of 
the optie lobes in tlint Uind flsh ; in the Flagiostomes it is due to 
absdliite development; is it ts» slso^ in the Polyptems and Lepido- 
dren, where the prosenoephalon presents the closest similarity in 
Ibnn and strocture to that division of the bialn in the Batracfaian 
BeptOes; each lobe^ for example is elongated in the axis of the 
skun, and is of a snbeompressed oval form, and has a large 'lateral 
ventricle * in its interior in the Lepidoriren (fig, 54. fo.) In the Skate 
the prosencephala coalesce into a snbdepressed transversely elongated 
masi^ their essential distinction being indicated bj a mere superficial 



Mmu^ Bdane, Clupea kareitffui, and CSupea tpraUut ; they appear as 
distinct symmetrical spheroids in most other fishes^ their union being 
rednced to a small transverse medullary band (prosencephalie com« 
misBure^ 52. y *). The i^ymmetrical character of the prosence- 
phala, as of the optic bbes» is wanting in most FleuromeUd^ 

The grey vasenlar nenrine forms the greatest part of the prosence- 
phalon in most osseous ilshes ; the white fibres radiate bto this 
substance^ and rare^ appear on any part of the exterior sorfiMO; the 
white neurin^ however, predominates in the Plagiostomea and Lepido- 
siren. As a rule, the prosencephalic lobes are solid ; but the preparation 
of the brain of Carcharias (No. 1310, A.) shows a deep ventricular fis- 
snreat theanterior and under partof the prosencephalon, with avascular 




median fissure ; in theCarcharias 
{Jig. 55. p.), the prosencephalon 
forms an almost globular mass, 
with scarcely a trace of a median 
fissure. Amongjst bony fishes 
the prosenceplialie lobes are 



of SiMik, CSirfAafte. 



^v" more or loss confluent in Liicio- 
perca sandra, Travhinus draco^ 
Sargus, Mullus, Scomber tro' 



* Cunu well recognises the homology of this commissure with thmt of the corpus 
■tiiatimifcallsd 'anttrior oommiiMrs' in the httmui hrun (i. p 94.)i 
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fold of membrane or 'choroid plexns' penetrating the fissure, which 
is continued forward into the crus of the olfactory lobe. The lateral 
ventricle is more extensive in the Lepidosiren, and is continued 
directly into the dfftetory lobe. 

Tbe 'rluoeacephaloii* (Ji^s, 47. 49, CO. 64^ 55. b) conusts of 
two lobes of grey matter, which recdve the proloagatioiu of 
chiefly white fibres from the prooencephalon and its crora, and 
give off the nerves to the olfactory capsule, whence they are termed 
* ol&ctory lobefl^' ' tubera,' or * ganglia.' The rhinencephala are solid 
bodies, always distinct, wide apart from each other when remote 
from, and in mutual contact when near to, the rest of the brain, 
bat never united by a commissure. The rhinencephalic crura 
47. ol. 55. z) vary exceedingly in length. In the Lepidosiren 
(^^. 54'.) they are feebly indicated by a continuous indentation 
circumscribing the hme of each rhinencephalon (r), and defining 
it from the anterior fud of each prosencephalon (i*.) in Polypterus 
and L^pidoeteuB (Jit/. 49.), the indentation is deeper, and the attach- 
m(Mit of the base of the now pyriform rhinencephalon sinks to the 
prolonged erus or basia of the prosencephalon. It is from this sub- 
stratum that the rhinencephalic crura arc prolonged in all osseous 
fishes ; in some they are so short that tiie rhincnccphala are partly over- 
lapped by the prosencephala ( Trigla)^ or rise into view immediately 
in front of them {AmblyopHs, Anguilla, CoUms, Cyclopterm) ; but in 
many fishes the rhinencephala are developed far in advance of the 
rest of the brain, and their crura are prolonged dose to the ol&etoxy 
capsules : this has led some excellent obsmers to deny ^e existence of 
olfactory lobes in such fishes; but the rhinencephala are truly present 
in both the Tetrodon*, the Cod and Carp; they are merely removed 
to juxta-position with the olfiictory capsules, with a concomitant 
prolongation of their crura. These crura, ^ prolonged, have been 
called * olfactory nerves ' by those who, failing to appreciate the true 
homology of the remote * rhinencephala,' have described them as 
gan'/li.Hiic swellings of the ends of the olfactory nerTe8.t These 
ganglions, wherever situated, consist of proper nervous matter over 
and above the mere radiation or expansion of the fibres of the so- 
called * olfactory nerves.' The true olfactory nerve quits the rhinen- 
cepLaluu as a plexiform chord, or as a group of distinct fibres. If 
the thick olfactory nerve of the Gurnard be compared wiih the thick 
rhinencephalic crus of the Skate, or if the long olfactory nerve of the 
Bel be compared with the long rhinencephalic crus of the Cod, their 

* Dr. Desmoulins (lxxviii. t. i. p. has erroneously denied the existence 

of the 'lobes olfactifs' itj the Dioflon ; but in other fishes both he and Mr. Solly 
(lxii. p. 78.), have taken a correct view of the rhinencephaUox ' olfactory tubercles.* 

t Cnapor, ul p. AS. j Cavicr, xzin. p. S91. 
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respective differences of structure will be nadttj appreciated: the 
crus is a compact tract of medullarj with a small proportion of grey 
matter; the nerve is a bumllc of nerve filaments: the merlullary 
tract of the crus is fibrous, but the fibres arc as fine as in the crus 
cerebri, and much more numerous and loss easily separable than in 
the true olfactory nerve: in this tiiere is no grey tract ; it consists 
wliolly of comparatively large and readily separable white fibres, 
whicli radiate at once upon the olfactory capsule: the divergence 
and radiation of the true end ut the olfactory nerve is well seen in 
the Lepidosiren 54. i. ol.). In the Sharks a ventricle is continued 
to eedi rhinencephaloa along its crus from the proeenoephalon. The 
oUaetorj nenre nerer fomis a ganglion before spreading upon the 
olfactoiy capsule: the rMnencephalie enm, when prolonged to the 
eapsole^ alwajs expands Into a 'tnberciilum dfiMStoriom,' or riiinen* 
o^halon, before it transmits the tme olftctory neires to the cap* 
side. la other words^ the olfactory nerre eonyeys impressions to a 
proper centre or lobe, which in fishes may he situated close to the 
capsule, or close to the rest of the brain, and the length of its cms 
will be inversely as that of the nerre* To say, with Cuvier, tlmt 

the ganglion of the olfactory nerve is sometimes at its beginning, 
and sometimes at its end** (t. iii. xxm. p. 146.), or that it occurs " in 
the course of the olfactory nerve, at a greater or Icfss distance from 
the hemispheres" fxxvii. p. 227. )» if'? in fact, to deny the mnrkcd ana- 
tomical difference between the crus and the nerve proper ; and to 
overlook the serial homology of the rhinencephalie crura with those 
of tlic prosencephalon. The olfactory lobes or rhinenccphala them- 
selves are serially homologous with the optic lobes. As to the pro- 
sencephalon, since this does not immediately receive or transmit any 
nerve, it resembles iu this important character the cerebellum, and 
proceeds, even in the present class, to be developed to a degree 
beyond that of the ganglions of any nerves cfp cwgttis id Sttise* 

The more special homology of the prosencephalic lobes, under 
thehr normal proportions and solid stmctine in Osseous Fishes^ with 
the parts of the complex and folly developed prosencephalon in 
Mammalia, will be made manifest as we trace the progress of that 
complication synthetically. Cavier had already, by the opposite 
course of analysis^ redaced the hemispheres in birds to the * corpora 
striata,' with their commissures and a thin supra-ventricular cover- 
ing. **Iie corps cannel^'* he says, forme k lui seul presque tout 
rhemisph^re.'* {LefOlU d'AnaL Comp. t. ii. 1799, p. 162.) But he 
failed altogether to recognise the homology of the prosencephala in 
Fishes. Since Arsaki's time their homology with the cerebral lobes 
of Beptiles, Birds, and Mammals has been generally recognised. 
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Girsion^-obn f i.xui. p. 15.3.) suys tlicy may well be compared with the 
* rc a j ora striata ; ' but he recognises the importnnt dilference, that, 
whereas these * transmif^slon ganglia' (durchgangskiiotcu) give 
passage to the radiating libres of the cerebral crura in their course to 
other parts of the cerebrum in Mammals, those fibres teraiinate in the 
solid prosencephala of Fishes. The establishment of the lateral 
ventricles in the prosencephala ol' the Plagiostomes and Lepidosiren 
also show them to be sometiiing more than ' corpora striata.* 

It now becomes highly important to note the mode of ^tablish- 
ment of these oer^ml v^itriclet : thej are not formed by the super- 
ndditioa of a layer or fihn of nenrine overiapping parts answerable 
to the solid henuspheree in other FSshee, bat are either central ezcit* 
vations^ as you perceiye in these elongated prosenoephala of the 
Lepidoeirai {fig, 54. or they are deep fiasnrea towards the under 
part» as in the coalesced hemispheres of the Shark; whence I ooo- 
clude that the solid prosencephalon of Osaeona Fishea is not a mere 
representative of a basal ganglion forming the floor of the ventricle 
of the hemispheres in the high^ Vertebrata, where such ganglion is 
a medium of transmissicm or source of accession to the cerebral 
fibres; but that the fish's prosencephalon is the seat of the terminal 
expansion of the radiating medullary fibres of the cerebral crura. 
Dissection of the recent brain s!>ows (as in fig. 51. v) that these 
fibres, besides 1mm ncr l^lcnded with grey matter, as in tiic corj)ora 
striata, arc thickly covered with n hiyer of the same grey and highly 
vascular neurine of which the hemispheric convolutions in Mammals 
are chiefly ioruied ; and it is most interesting to perceive on the 
superficies of the solid prosencephah u in many fishes the fore- 
shadowing of the convolutions, which are not fully established until 
the Mammalian type is attained. The prosencephalon of the fish is 
fKty indeed, from being a miniatnre model, but it may be regarded as 
representing the potential germ, of the complex cerebral hemispheres 
of man* 

The average proportional weight of the brain to the rest of the 
body in Fishes is as 1 to 8000. A certain siae seems to be essential 
to the performance of its fonctions, as a recipient of the impresstons 
from the organs of sense ; and it doea not, therefore, vaiy in diflerent 
species so as to accord preciady with the general balk of the body. 
The size of tlic optic lobes, «• ^. has a more constant and dir<^ re- 
lation to that of the eyes, which soon acquire their foU development. 
We find the entire brain proportionaUy greater in young than in old 
fishes : it acquires its full size long before the termination of the 
growth of the fish, if tliis has a fixed period. But as the head must 
grow with the growth of the lisb, provision for occupying the in- 
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creasing capacity of the cranium is made by a concomitant develop- 
ment of the light cellular arachnoid, which has the further adFantage 

of regulating the speciiie gravity of the head. 

As the branchial ref?piration is a peculiarly active and important 
function in Fishes, and is served by an extraordinary apparatus of bony 
or gristly arches with their muscles, we mny associate therewifli the 
peculiar development and complexity of the medulla oblongata, as 
the ( iiii e. of the vagal or respiratory nerves. The Carp and other 
cypiiutiid Fishes, which have not the mechanical niodilications for 
retaining water in contact with the gills, so characteristic of the 
Apodal, the Lophioid, and Labyrinthibranch fishes, are remarkable, 
nevertheless, for their tenacity of life out of water ; and the peculiarly 
developed vagal lobes in them may relate to this maintenanoe of the 
power of the respimtory organs during a suspen^n of their iistiinl 
actions. 

The extensive gradation of tiie oerebdlom hetireen the extremes 
of stmetiire presented bj the Myzine and the Shark throws, as 
might be expected, more direct light upon its fnnctioii. With regard 
to this^ two views have been taken. According to one it is the 
organ of amativeness; according to the other it is the seat of the 
muscular sense, or the regulator of voluntary motion. Msny expe- 
riments in which the cerebellum has been mutilated or removed 
in warm-blooded animals support the idea of its intimate relation 
with the locomotive powers. But to the conclusions from these ex- 
periments has been objected the possibility of the convulsive mus- 
cular phenomena having arisen from the ftimidus on the remaining 
centres, occasioned by the mutilatinn or destruction of the one in 
(juration; and it may well be doubted whether Nature ever answers 
so truly when put to the torture, as she does when speaking volun- 
tarily through her own experiments, if we nuiy so call the ablation 
and addition of parts wliieh comparative anatomy oifers to oui* cou- 
templation. 

li^ in reference to 1$m sexual hypothesui of the cerebettum, we 
contrast the Lamprey with the Shark, we shall be led, by the much 
larger proportional siae of the generative organs in the lower car- 
tilaginous Fish, and by the observed fact of the male and fonale 
lampreys entwining or wreathing themselves entirely about each 
other, mutually aiding in the expulsion of their respective generative 
products and so absorbed in the passion as to permit themselves to 
be taken out of the water and replaced there without interrnption 
of the act, to expect a larger eercbelhim in the Lampr^ than in 
the Shark. But the reverse of this is the fact : the Lamprey has 
the smallest, and Uie Shark the laigest, cerebellum in the class of 
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FuhoB. If, on the other hand, we eompm the CJyclostome and 
PlagioBtome Cartilaginous Fishes, in reference to their modes end 
powers of locomotion, wo shall find a contrast which directly aooorda 
with that in theur cerebellar development. The Myzine conunonlj 
passes its life as the internal parasite of some higher organised fish : 
the Lamprey adheres by its suctorial mouth to a stone, and seldom 
moves fur from its place : neitlu^r fish possesses pectoral or ventral 
fins. The Shark, on the contrary, unaided by nn air-bladder, by 
vigorous nui'^rular exertion of well-drveloped pectoral and caudal 
fins, giistaiu.s Itself at the suH'ace of the sea, soars, as it were, in the 
upper re}i:^ions of its atmogphere, is proverbial for the rapidity of its 
course, and subsists, like the Eagle, by purs\ung and devouring a 
living prey : it is the tish in which the instruments of voluntary 
motion are best developed, and in which the cerebellum presents its 
faurgest siie and most complex structare. And tUs stractore cannot 
be the mere concomitant of a general adTance of the organisation to 
a higher type, for the sluggish Bays, that grovel at the bottom, 
though they copulate^ and have in most other respects the same grade 
and type of structure as the more active Squaloid Pla^oslomes, yet 
have a much smaller cerebellum, with a mere crucial indentation 
instead of transverse lamina. A more decisive instance of the 
relation of the cerebellum to the power of locomotion is given by the 
Lepidosircn, in which, with a more marked general advance <^ 
organisation than in the Bay or Shark, the cerebellum has not risen 
above the simple commissural condition which it presents in the 
Lamjtrey ; the generative system, however, of the Le])idosiren is as 
complex as in the Flagiostomes, and is more extensive : but the tins 
are reduced to mere filaments, and the fish is known to pass half the 
year in a state of torpid inactivity. In the heavy-laden ganoid li li(>s 
the cerebellum is smaller than in the ordinary osseous lishes : the 
imbrictted armour of dense enamelled bony scales must limit the lateral 
inliections of the tail ; so we tind in ti)e Polypterus the cerebellum 
hardly more developed than in the Lepidosircn, whilst in the somewhat 
more active and predadons I«pidosteas it is the smallest of aU the 
s^ments of the brain. In the grovelling Sturgeons the cerebellnm 
offers an intermediate grade of development between those that 
characterise the above-cited Ganoids. Finally, amongst the normal 
Osseous Fishes^ the largest and highest organised cerebellum has 
been found in Ihe Tunny, whose muscular system approaches, in 
some of its physical characters, most nearly to that of the warm- 
blooded classes. 

If we could enter tiie sensorium of the fish, and experience the 
kind of sensations and ideas derived from the inlet of their peculiarly 
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developed and enomunis eyefl^ we might, perhaps, gain some insight 
into the office of the peculiar complexities of their large optic lobes : 
without such experience, we can at best only indulge in vague 
conjecture from the analogy of our own sensations. We find, when 
Nature reduces the orp:ans of sight to such minute specks cnn 
give but a feeble idea ol the presence oi light, sufficient, periiaps, to 
warn the Amblyopiiia to retreat to the darker recesses of its sub- 
terranean abode, that the optic lobes are not reduced in the same 
proportion, but retain a foriu and size, which, as compared with 
their homologues in other animals, are sufficiently remarkable to 
suggest a fonction over and aboTe that of receiving the impressions 
of Tisual spectra, and forming tlie ideas oonseqaent thereon. 

The anatomical condition of the pxosencephalon, and its homology 
with the hemispheres of the hitd's brain experimented on by M. 
Eloarens (LZi7.)b would lead to the belief that it was in this diyision 
of the fish's brain that impressions become sensations^ and that here 
was the seat of distinct and tenable ideas : of snch, for example as 
teach tiie fish its safest lnrking*places, and give it that d^ree of 
caution and discernment which requires the skill of the practised 
angler to ovennatch. If different parts of the prosencephalon were 
^^ecial seats or organs of difierent psychical phenomena, such phe* 
nomena are sufficiently diversified in the class of Fishes, and are so 
enei^etically and exclusively manifested, as to justify the expectation, 
on that physiological hypothesis, of corresponding modifu ntions in 
the form and development of the homologues of the cerebral hemi- 
spheres. Some spe( Ii s as, for example, the Shark and Pike, are pre- 
datory and ferocious : some, as the Angler and the Skate, are crafty : 
some, as the Sword-fish and Stickleback, are combative : some, as 
the Cai p and Barbel, are peaceful, timid browsers : luany fishes are 
social, especially at the season of oviposition : a few arc monogamous 
and copulate ; still fewer nidificate and incubate their ova. 

Now, if we compare the proeenoephala of the Shark and Fike» 
fishes equally sanguinary andinsatlable^ alike unsociable the tyrants 
respectively of the sea and Iske^ we find that those parts of the brahi 
can hardly difier more in shape, in relatiTO siae» or in stmctoie, in 
any two fishes. The prosencephalon of the Fike is less than the 
oerebelltim, much less than the optic lobes i in the Shsik it exceeds 
in sise sU the rest of the brain; in the PSke^ the prosencephalon 
consists of two distinct lobes brought into communication only by a 
slender transverse commissure ; in the Shark, the hemispheres are 
indistinguisbabiy blended into one large subglobular mass. If we 
compare the prosencephala of the Pike with those of the Carp, we 
find them narrow in the deyourer, broad in the prey. 
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The Lophius Inrkg at tlie bottom, hidden iu the sand, waiting, like 
the Skate, for hs prey to come within the reach of its jaws : the 
difference in tlic shape, size, and structure of their prosencephala is 
hardlj less than that between the Shark and Pike. The combative 
Sti^AbadL hMB longer and nairower prosencepbala tiian the cowardly 
Gudgeon. The nidifiea^Te aad philo-progenitiTe CatSehtikys* hna 
neither the antero^latend nor the posteriofr regions of the ceiebmm 
more developed than in bony fishes generallj. 

MEMBRANES OF TUB NEUBAX. AXIS. 

Both brain and myelon arc immediately invc?tt;d by a thin but 
firm iibro-cellular and highly vascular membrane, the outer surface 
of which is usually covered by a stratum of pigment -colls, belonging 
properly to the central layer of the arachnoid, which has Ihtp co- 
alesced with the i)roper vascular pia mater. TliiR vascular membraue 
seems, therefore, to be coloured with dark points, and sometimes to 
be minutely speckled upon a silvery ground ; and the pigmental 
Stratum often accompanies the processes of the piu mater in the ven- 
tricles of the brain. There is commonly a remarkaUe deTclopment 
of the Taseular and pigm«B,tal membrane over the fourth, or epen- 
cephalic ventricle. I found such a maas concealing the rudimental 
cerebellum in the Lepidosiren $ it is largely developed in the Sturgeon 
and Fbddle-fish, where it is posterior to the cerebellum. The 
commonly considerable space between the brain and cranial walls 
is occupied by a peculiar loose cdlular structure filled by gelatinous 
or albuminous fluid, and by oily matter : in the Perch and Bream it 
seems to consist of an aggregate of minute spherical cells filled with 
fine colourless oil, the maas being traversed by blood-vessels. Cuvier \ 
found the cells, which he compares to a kind of arachnoid, filled by a 
pretty compact adipose matter in the Tunny and Sturgeon. This 
modified arachnoid exists, but in less quantity, in the spinal canal, 
and even accompani«'s tin- cerebral nerves in their exit from the skull 
in some fishes with large nerve-foramina. The quantity of the 
cellular arachnoid abovt; the cerebral lobes of Lepidosiren is a striking 
example of the piscine nature of that genu?. 

The primitive librous capsule of the neural axis, the unossiiied or 
unchondrified remains of which, or of its iimer hiyer, form the so- 
called ' dura mater/ is most distinct in the low-organised Dermopteri; 

• CaOktiifyM littoralis, or Hassar-fitb of Jkmentn, 8m the apceimcn of it« 

brain. No. 130f>, b, and that of its nat and epgs. No. 37R7, h. Phyi. Serio^ Md 
M aceount of its habits in the Zoological Journal, vol. iv. p. 244. 
t zxiu. i. p. 309. 
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in the I^agiostomi it is reduced to a few thin shining aponeurotic 
band^ clo-^cly afllierent to the iTiner surfure of the cartilaginous walla 
of the cruniiiin and spinal canal; h truces of dura ni uer are more 
feeble and iudistinct iu Osseous Fishes, iu which no proper coutiuu- 
ous librous membrane can be distinr^uish^l from the inner periosteum 
of the walls of the cerebro-?pinal i :ivity : no curtains of dura mater 
divide the cerebral from the acoustic compartni^ts of the cianiuni in 
the Oi^ous i? lahea. 

KEBVES. 

The head is short and obtuse in the embryo fish; the ganfrlionic 
centres of the olfactory nerves are always orig^inally developed in 
close contiguity with the prosencephalon ; tlu>y govern the develop- 
ment of the rhineuccphalic arch \ and, as this advances in the elonga- 
tion of the skull, and recedes from the prosencephalic arch, eitiier the 
brain Is oo-elongated, therhinencephaloiiretainiDg its primitiTe relation 
with its Tertebrai and the prolonged crura occupying the narrow 
interorbital tract of the cranial caTitj; or, the rhinencephalon 
retains its prunitiTe juxtaposition with the prosencephalon, and the 
ol&ctoiy nervfls are prolonged through the interorbital spac^ per. 
forate or trarerse a notch In the prefrontals, and expand, as a resolred 
plexus, upon fhe pitnitaiy plicated sac. 

The rliinencephalon accomp in' ^ its Tertebra and recedes from the 
rest of the brain in Stilmo, Ctfprinui proper, BramOy Tincoy Gadut, 
lA>ia, HippoglossuSy CSt^a, Belone, Lueu^tertOt CobitiSy the Piectog- 
nathi, and Ptngiosfnmi ; it retains its primitive contiguity with the 
prosencephalon in Perca, Scomhfr, Esor, PleuronccteSy BlenniuSy 
A^i^f'^Ua, Cyclopfrrusy Gastcro.sfei/Sy KperlanuSy Leurfsrvn^ Cotttts, 
Trigla, Amhli/ojtsis, Eckrinis, tin' Ganoifhi and Lt puiosui n. The 
condition of this ditlerence woul<l 1h» an interesting {subject of enquiry. 

As the crus of the rhinencephalon is formeil not only of libres con- 
tinued from the pi o^ncephalon, but also, and in some fishes chiefly, 
of distinct white and grey tracts traceable along the base of the 
mesencephalon, in part as far back as the prepyramidal bodies, so the 
origin of the olfactory nerre has been described as characterised by the 
same complexity and extent \ and it is true that in some instances, 
where the rhinencephalon is in contact with the ivroeencephalon, a 
small portion cf the tme olfactory nerre may be distinctly traced, 

g* in the Perdi, backwards as fkr as the mesencephalon : jnst as we 
find in some fishes, Sturgeon, e. a portion of the optic nenre trace- 
able as ftr baek as the cerebellum, and In the Eel to the hypoaria, 
and not ezduslTely terminating in the optic lobe. Most of the eha- 
racterlstics of origin and ooorse attributed In works of Comparative 
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Anatomy to ilu ' ( »lt actorj nerves arc to be understood of the crura rhiu' 
encephali. In the Lancelet the little ciliated olfactory sac { fig. 46. o/.) 
is brought into close contact with the rhiuenceplmlic cxtreuiiiy ui the 
neural axis. When the olfactory lobe or ganglion, in other fishes, 
li wKt tbe oifia €f nueU, it sends o£f the nerves by munerom veiy 
short fafldculi : this dharacteiiatic multiplicity of virtml origiuB of 
the proper nerre is lessconapicnoiis where the rhinenoephalon u aetr 
the reet of the hndn \ but a cereful aaalyoe of the long olfactoiy 
nerre in the Eel, the Ue, or the Boech, shows that it Is a fi»ciciilus 
of filaments distinct from their origin. 

Tbe 9piic nervei, like the ejea» are of laige relative siie in most 
fiah^ : but where the oigaas of sight are small, the nerves are 
slender, as in the Silums: they are still more slider in the 
Myxinoids, and they are scarcely disccmiUe filaments in the Am* 
biyopsis. In the PlagiostomeSi the Sturgeon, the Polypterus, and 
the Lepidosiren, the optic nenres, traceable in part from the optic 
lobes, closely adhere to the basis of the mesencephalon, from which 
they seem to rise, anterior to the infundibulum, and are there con- 
nected together by a short tninsversc commissure ; but they do 
not eru-;.s each other. In ordinary Osseous Fishes the exterior 
white fibres of the optic lobes converge to their under and anterior 
part, to form tlie eliief part of the origin of the optic nerves ; but 
a portion of the origin may be traced through the septum opticum to 
the cerebellum ; and in tiit Eel, the Gar-pike, and ihe Lump-fish, a 
portion may be traced to the hypoaria : in the Cod some fibres of 
the optic nerve are derived frtmi both the hypoaria and the wall of 
the third ventride. The nerves are connected together at their 
origins by a commissure ; but afterwards they cross one another 
without interchange of fibres (Jiy, 53. 3) : sometimes fhe right nerve 
in its passage to the left eye passes under, sometimes over, the left 
n^e * : rardy does one nerve perforate the other^ as^ «. ^. in the 
Herring. The nerves are flattened where they decussate. In most 
Osseous Fishes the structure of the optic nerve is peculiar ; it consists 
of a folded plate of membrane and neurine 57. a). The retina 
is formed by the unfolding of Uie nerve ; and it would be a forced and 
overstrained analogy to compare it with the ganglion of the ol£sct<Mry 
nerve (rhinencephalon), because this liappens in some fishes to be close 
to the ii i-siil capsule. The optic nerve escapes, in Osseous Fislics, 
either tlirouj^h the nnferior fibrous wall of the cranium beneath the 
orbito-splienoid, or througli u u t !) or a foramen in that bone. In 
the Flounder one optic nerve is usually shorter than the other. In 

* I hnvr Kccn both vsriatlct in difltotnt indiftduaU of GMw Morrliw, 8m 
alio Lx&v. ii. p. S03. 
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the Eel the nerves form, after decussation, a very acute angle in the 
axis of the bodj : in the Lump-fish they form an obtuse open angle. 

Since there are no muscles of tlio eyeball in the Lancelet, the 
Myxinoids, the Amblyopsis, nnd the Lopidosiren, there are no motory 
ner% es of the orbit. In the Lamprey a small third nerve and a fonrth 
nerve, which are closely connected where they qnit the crauiuin, 
again separate, the one to .supply the rectus suporiur and rectus 
iuternus, the other the obliqmi- superior; the tilamcnts supplying 
the other muscles of the eveliiU ( uiumt bi separated from the fifth j)air. 
In all other fishes the sixth or nbducent nerve has its j)roper origin, 
as well a3 the fourth and third. The tliird, or oculo-motorius, {Jiy. o3. 
55. 3.) rises from the base of the mesencephalon, behind the hypoaria, or 
from the oommiaeara ansnlata ; it escapes through the orbito-sphenoid 
(Carp), or the tmosaified membxane beneath it (Cod), and ia diatri- 
buted oooatantl/ to the recti superior, inferior, and intemnsb and to 
the obliqnns inferior: it also sends filaments into the eyeball ; the ciliary 
stem, or a branch of it, nsoally uniting with a branch of the filUi 
nerre^ and sometimes, as in the Mackerel, Gar^pike^ and Lump-fish, 
developing a small dliaxy ganglion at the point of communication. 

The fourth nerve, or infekUan$, rises from the back of the base 
of the optic lobes, between these and the cerebellum : it escapes 
either through tlie orbito-sphenoid (Carp), or the contiguous mem- 
brane (Cod), and is constantly and exclusivelj distributed to the 
superior oblique eye-muscle. 

The sixth, or abducent, nerve (fig. 53, g) rises from the prepyra- 
midal traef of the medulla oblnTiirata, beneath the fifth, and, in most 
Osseous Fi.-hf by two roots, as iigured hy Mr. Swan (uv. pi. viii. 
fig. 2), in the Cod. It usually closrly adheres to the ganglionic origin 
of the fifth ; in the Carp and Lump-tish it receives a filament from 
the sympathetic, before its final distribution to the rectus externus: 
it escapes by the foriinica or anterior notch of the alisphenoid, iu 
adv ance of the iifth nerve. 

This nerve, the trigeminal (fig, 53. 55. 6), enormous in all Fishes, 
from the Lancelot to the Lepidosiren, rises, often bj two or more 
roots, from the restiform, or from the anterior angle between the 
oUvary and restiform tracts ; in some fishes ( Chtpeida, 52, t. C^midai) 
from a spedal gangHon or enlargement of that part of the medulla 
oblongata : in a few (Conger, Lump-fish) by a smallw origin resolved 
into sereral roots. The trigeminus shows wdl its spinal (mjrelonal) 
character in Fishes, but its double root is more deeply buried in the 
medulla oblongata. In CoUui, Blenmm, CoHHi, and Leveitcut, the 
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dorsal roots may be traced receding from the ventral onef, as they 
penetrate the medullary substance. The hinder roots in the Bknny 
join the f;u'inl iuul j^losso-phai*Yngeal. Of the five roots of the tri- 
geminal in the Stur^rf^f^tn, the lirst, second, and fourth form a ganglion 
Gasserianum. In most Osseous Fislies the first branch is sent back- 
wards, to form, in conjunction with a branch of tlie nervus vagus, the 
so-called * nervus lateralis,* which escapes by a foriinieii in the parietal 
bone ; the rest of the fifth emerges from the skull by a hole (Carp), 
or a notch (Cod), of the aliaphenoid. The lateral nerve in the Cod 
receives only a slender filament of the vagus : it sends off •> braneli 
which runs along the sides of the intemeurel apines {^g, 56. L), 
reoemng bnmchee from all the spinal nerves : it then curves down 
along the scapular arch, gives branches to the pectoral and ventral 
fins, supplies the great lateral musenlsr masses and the mncons canal, 
and sends a nerve along the inteihttnial spines^ which conununicates 
with filamokts from the corresponding spinal nerves : both intemenral 
and interhsmal branches terminate in the spinal plexus supplying 
the caudal fin: thus all the locomotive members are associated in 
action by means of the nervi laterales.* The mandibular division of 
the fifth (r. mandibular^, seu maxilla- inferioris)^ consists chiefly of 
motory filaments which supply the muscles of the hyoid and mandi- 
bular arches, and send the * ramus opercularis seu facialis^ to those of 
the gill-covcr : the sensory filaments supply the teguments of the sides 
of the head and under jaw, enter the dental canal, supply the teeth, ami, 
in tlie C'ofl, the symphysial tentacle. The maxillary division (r.niax' 
illaria) biturcaies Uciiind the orbit, one branch passes outwards to 
supply the suborbital mucous canals aud integuments on the gides of 
the head ; the other, after sendinj^ a branch obliquely outwards, curves 
forwards along the floor of the orbit, j>ives olf a palatine nerve (r. 
pterygo-palatinu8)y and supplies the integuments, mucous tubes, aud 
teeth of the upper jaw : the supra-orbital division gives oflf the two 
ciliary nerves, one of which joins the ciliary branch of the third : it 
then supplies the olfactory sacs, and the integuments of the upper and 
lore part of the head. 

In the Skate the hurge sensory brsaches of the fifth, sent to the 
integnments and to the singularly developed mnoous canalSi have 
ganglionic enlargements near their origins where they leave the mean 
trunk. The first electric nerve is givm off by the non-ganglionio 
part of the fifth in the Torpedo (fig. 4.5. n\ and many of the terminal 
filaments of the tegumentary branches of the fifth swell into peculiar 

* 8m tbc besttlifiil Agnre pvco by Mr* Swan of thb ame in ur. pi. vii. 
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mnco-gangliomc corpuscles.* In tLe Sturgeon the enoiit and its 
tfflitacwla are supplied bj brancliefl of the infim^orbital, not from the 
eupra-oarbital dxTuion of the fifth : the opercular or fiusial branch sup- 
pliea^ in addition to the gill-oover, the integumenta and lips of the 
pfotraetile mouth, and the paeudo-branchia: it cmnmunioatea with 
the gloeso-phaiTi^geal. 

In the Lanoelet the fifth nerve (fy, 46. ob) distributes many fila- 
ments to the expanded senrntiTe integument which represents the 
head, and forms the sides of the wide oral opening $ it also supplies 
the oral tcntacula. In the Mjxinoids the same nerve supplies both 
the muscles and the integuments of the head, the tentaculn, the nasal 
tube, the mucous membrane of the mouth and tongue^ the hyoid and 
palatal teeth, and the pharynx. The trigeminus supplies the same 
parts iu the Lamprey, but in n more compact manner as it were, i, e. 
by fewer primary branches : it also semis filaments to the rectus ex- 
ternus and r. inferior of the eyeball : the nerves to the muscular parts 
of the jaws and tongue arise in the Lamprey distinct from the fifth, 
and their trunk may be reganleil us a facial nerve ; one of the fila- 
ments of this joins a branch of the vagus to form a short 'nervns 
lateralis,* 

Thus in reference to the motor iilaiucnts of the trigeminus or 
great spinal nerve of the head, those that form the portio dura or 
facial nenre in higher Vortelnrata are not distinct ftom tiie rest of 
the trigeminus at its sfiparent origin, except in the Lamprey; in 
which, on the other hand, the motory filaments of the rectus eztemus, 
forming the sixth nerve of higher Fishes and Vertebrata, retain an 
associated origin with the trigeminal. The opercular or facial di- 
vision of the fifth forms the hindmost portion of its apparent origin 
in the Perchf, it supplies the mandibnlar, opercular, and branchios- 
tegal muscles ; and sends off the branch to form, with a branch of the 
vagus, the dorsal divinon of the ^nervus lateralis.' In the elongated 
'medulla oblongata' of the Sander {Luciaperca) the facial nerve has 
a distinct origin betwewi the trigeminal and acoustic. 

The acoustic nerve rises so close to the fifth, in the Skate, as to 
appear to be a primary branch of that great nerve ; its distribution 
on the labyrinth is beautifully shown by Mr. Sivan in Liv. pi. x. tig. 2. 
It communicates on the great otolitlii'" ith :i motor branch from 

the vagub, which, after giving filaments to tlie p«tsterior semicircuiai* 
canal, passes out to supply tlie fir«t and the adjacent surface of the 
second gill, and the faucial membrane. Mr. 6 wan calls this branch 

* Lxxvb t kxiu. torn. L p. 325. pi. vi. fig. v. ft. 
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the glosso^pharyngcal ; and says, ''this nerve, on being touched 
near its origin in a recently dead animal, immediately produces a 
contraction of the muscular nppendages of the gills." (ib. p. 41.^ In 
the Cod the iicoustic nerve (lig. 53. 7), which here, as m all lisiu-s 
above tiie Dermopteri, is of large size, rises close behind, but distinct 
from the fifth pair, between it and the vagus: the acoustic nerve 
receives a filament from the vngus, extends in a crescentic form upon 
the hibyriiith, expands \x\^o\\ tlie large sac of the otolitc, and sends 
filaments to the ampuUil'orm cuds of the semicircular canals* In Other 
Osseous Fishes (Pike, Blenny), the acoustic blends at its origin with 
the hock part of that of the fifth : it sometimes commnnicatea with 
the operenUtr branch of the fifth as well as with the glosso-phaiyngeal 
of the Tagns. 

The nervut vagm has a derelopm^t proportional to the extent 
and complexitj of the branchial apparatus in Fishes, and is nsnallj 
larger than the trigeminal ; it rises (fig. 53. 55. a) from the restif<Nrm 
tract forming the side of the medulla oblongata, and commonly from 
a specially developed lobe ; and is distributed to the branchial ap- 
paratus, the pharynx and pharyngeal arches, the (esophagus and 
stomadis it sends also filaments to the heart, and to the air bladder 
when this exists {Jig. 58. /). In the Lamprey a portion of the vagus 
comlnnes with branches of the facial and hypoglossal nerves to form 
a ramus lateralis vagi^ which extends to the middle third part of the 
body, where it terminates. In the Cod we saw that the ' lateral nerve* 
was formed <'hiefh' by the trigeminal ; but in many Osseous Fishes 
(Cyprinns, /it lone, and Cottus) the proportions are reversed, and the 
lateral nerve is formed by a branch of the vagus, which rec ives 
filaments from the trigeminal nerve ; in a few genera {Salmo, Clujiva, 
ActjH iisi r) it is formed exclusively by the vagus. In all these lishca 
it is coiitiiiuetl very lur back along the lateral or dorso-lali ial region 
of the body ; sonietiines lodged deeply in the lateral mass of muscles, 
ex. gr. Belons, Clupea^ and Seomber (Prep. 1384 of the Hackerel): 
but more commonly the nerve or a main branch lies just under the 
skin, and in the course of the lateral mucous line, as in the Salmon, 
and Sturgeon : in the FUt fish and BuU-heads (CoUia) it has both a 
deep*seated and a superficial branch. In the Carp and Herring the 
TBgid 'ramus lateralis' sends off a strong branch to the dorsal fin : in 
the Gar»pike it sends, as in the Cod, large branches to the pectoral 
and ventral fins : it distributes its smaller branches to the skin and 
mucous ducts ; and those in the Cod and Lump-fish anastomose with 
branches of the spinal nei ve.':. In the Perch there are two 'nervi 
laterales'on each side; the dorsal one, which escapes through the 
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parietal bone, is formed by the union of a branch from the facial 
portion of the fifth with n branch of the vagus : the proper hiteral 
nerve is fomietl exclusively by the vn^'us, and dividoH into a 
superficial branch supplying the lateral line, and a deep-seated 
brancli, communicating with the spinal nerves, and supf)lying 
the myocf)mmatal aponeuroses and the skin. * Whether the vagus 
forms the whole or a part of the * nervus lateralis * it transmits 
It from the fore part of its origin: the * nervus accessorius * when 
present, which is rare in fishes, forms the iiindmost part of the 
vagus, as in higher Vertebrata. The nervus lateralis chiefly 
supplies the myocommata* yerticsl fins and muooos hsM, pecu- 
liarly ichthyic parts either by th^ prepondmtiag development, 
or their very existence: tlie nenros accessorius in mammalia, 
sends no branch to the < spinalis,' 'senus{nnali6»' or *longi8slmus» 
doni * — the reduced homologues of the dorso-lateral myoooDunata of 
fishes, but exclusively supplies the 'cleido-mastoideus' and 'cueuUaris,' 
associating them with the respiratory actions of the thorax. The 
nervus lateialis may be in some respects analogous to the accessorius ; 
it is not homologous with it. 

The vagus sends supra-temporal 1 rnnches to the head, and oper* 
cular branches to the gill covers. Tiie usually double roots of the 
nervus vigns pass out, in most fislie:", by a single foramen in the ex- 
occipital bone. The fore part of the root is the largest, and is 
ganglionic : it is tlu- true pneiimo-{j;astric, supplying the gills and 
stomach; in the '1 uiiii} the branchial nerves are remnrlcahle for their 
size and their radical gangUons. The hinder second oi i-in usually 
non-ganglionic, and is the source of the BUpra-tenip* t il, jlusso- 
pharyngcal and lateral nerves. Some filaments rising Ijeliind tho 
vagus have been tract d to the parts surroLin ling the brain within 
the cranial cavity. The intestinal terminal lilament^ of the vagus 
in Ori.scous Fishes communicate freely with the sympathetic. Each 
vagal nerve of the Sturgeon equals the spinal chord in size and rises 
by numwouB roots, '^e vagal nerve has numerous roots, and an 
extensive tract of origin in the Sharks, in which a posterior faseicnlDs 
(Ji(/. S5, sf), representing the * nervus accessorius^' can be best de- 
monstrated. 

There is no 'nervus lateralb* in the Hyxinoid^ but the gastric 
branches of the vagus are continnedy united as a single nerve, along 
the intestine to the anus. The proportion of clear (organic) filaments 
to the opaque (animal) filaments in the vagus of fishes is mudi greater 
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than in tliat nerve in higher Ycrtobruta, according to Bidder and 
Tolkmanu : which ilhistrati/s the proj^ressive character of the indivi- 
duiilisation (selbsstiindigkeit) of the great sympathetic 

The vagus is represented in the Branchiostoma by a hrancli sent 
from the fUth to the ph.irjnx. In the Myxine its origin is close to 
that of the fifth. The pecuUar erectile palatal organ of the Cypri- 
noids is wholly, and the peculiar electric organs of the Torpedo are, in 
great part, supplied bj the very remarkable and dianwsteriadc vagal 
nerve of fishes. 

The fint $pmal nenre rises nBually by two rooti» the dorsal one 
having a ganglion, rarely hy non-ganglionie roots ezcLusivel7 from 
the prepyramidal tracts : it usually emerges between the «z-occipical 
and the atlas, and divides into a small dorsal and a larger ventral 
brandi: this oommunicates with the v^tral branch of the next 
spinal nerve, and supplies the pectoral fin -muscles, the subcoradoideus, 
and the sterno-hyoideus (44./^/'); it is caUed ' hypoglossal nerve * 
by some Ichthyotomists. 

Each of the true spinal nerves has a dorsal or sensory, and a 
ventra! or motory origin : sometimes each rises by a single root ; 
eonietimes, as in the Cod, by two or more root?. Both jsensory 
and motory roots are long in most fishes : the sensory root is the 
largest, arises by more filaments, and further back than the motory 
roots in the Sturgeon. 

In most Osseous Fishes one dorsal root goes to form the dorsal 
branch of the s{)inal nerve, and the other dorsal root joins the 
ventral branch of the same nerve : sometimes the ganglion is formed 
on the dorsal root of the dorsal branch, as in the Cod ; more com- 
monly upon the whole sensory origin of the nerve, where it emerges 
from the neural canal In some fishes (Bream and Gar-pike) the 
ganglions on the dorsal root are situated in the spinal canal: more 
commonly (as in the Cod, the Ling, the Sander) the ganglions are 
external to the spinal canal. In both cases the nerve is increased in 
size beyond the ganglion and the union of the ventral root This is 
well seen in the Skate, in which the ganglions are situated beyond 
the holes of emeigence^ and the junction of the two rooto takes place 
quite exterior to the neural canaL* 

The connection of the nerve-roots with the myelon is weaker in 
fishes than in air-breatliing animals : it is so easily broken in the 
Dermopteri, as to have led to a denial of Ms existence, t The best 
illustnition of the peculiar combination of the dorsal and ventral 

♦ uavit. iL p. 47d. f UT. pLs. 
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roots of the spinal nerves in Osseous Fishes, is that p^iven by Mr. 
Swan from the Cod. • The dorsal root sends a lilanient {Jig. of), a) 
upwards, which joins a ventral filament {h) from the preceding nerve, 
and forms tlie ' ramus dorsalis ' {d) : the dorsal root 
sends two filaments (c) downwards, which unite to- 
gether, and with a ventral filament (e) of the same 
nenre to form the ' nunns Tentnlis ' (v). The fila- 
ment of the Tentral root sent to the ramiis dorsalis 
<^ the sacceediog nerre perforates the lower divimoii 
of the d<»8aL root fiS its own nerve. Thus eaeh spinal 
nerve forma a dorsal and a ventral branch ; the 
ramus dorsalis includes a sensory filament of its own 
ncrve^ and a motory filament of the antecedent ner^'e : 
the ramus ventralis is formed by a motory and a 
sensory filament of its own nerve ; both rami * ven- 
*^3Ta\'^r'.'i nrrT.'i' ti'^^'^s ' ^nd ' dorsalcs ' are associated together, and 
CckI. (Mr. Swan.) ^j^jj ^^j,^. vagal and trigeminal nerves through the 
medium of the great * nervus lateralis.' 

The roots of the nerves distributed to the free, exploratory, 
I)octoral rays of the Gurnards, rise from special ganglionic swellings 
of the cervical portion of the dorsal myclonal columns. 

Sympathetic. — In the My xinoid Fishes this nerve, or syst<im of nerves, 
is represented by the intestinal branch continued from the confiuence 
of the two nervi vagi. The best illustrations of the sympathetic in ordi- 
nary Osseous and Flagiostomous Fishes are those given by Mr. Swan, 
from the Godf and the Skate. { Each trunk of the nerve extends 
in Osseous Fishes, from the side of the basis cranii (not entering the 
cranial cavity) to the tail, aoeompanying the aorta along the haemal 
canaL Its first or anterior communication is with a branch of the 
fifth, and a filament is sent forward to the ciliary ganglion ; and, in 
the Carp a filament joins the abducent nerve^ to which Cuvier 
thought he had also traced a filament of the sympathetic in the Cod : 
the sympathetic next communicates with that anterior portion of 
the vagus (the glosso-pharyngeal ?) which joins part of the acoustic 
nerve, and supplies the first partition of the gills : the sympathetic 
trunks also receive accessions from the trunks of the vagus ; and, 
converging, intercommunicate by a cross branch : they then send 
nerves which join the gastric branches of the vagi, in order to form 
or join a splanchnic ganglion and plexus on the mesenteric artery 
from which plexus branches arc sent to the intestines, pancreas, and 
spleen. The sympathetic trunks are continued on each side of the 
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norta, alon^ the back of the abdomen, into the haemal canal ; com- 
municate, in their course, with the ventral branchcf^ of each of the 
spinal nr-rves ; supply the ki(lne)r8, the geEerative glands, and the 
urinuiy bladder, where this exiists ; and often, finally, blend to^ ttier 
iuto a comiuoti trunk beneath the tail. Ganglions arc sometimes 
found at the junction of the sympathetic with tlic fifth, as well at 
that with the glosso-pharynfreal and with the vagu", before the great 
splanchnic is formed : !<mall ganglions are more rarely diacernibie at 
the junction of the sympathetic with the spinal nerves. 

The splanchnic ganglion of the Skate is a large fusiform body, of 
an ash-red colour ; the suooeeding ganglia on the trunks of the sym- 
pathetic are larger and more constant than in Osseous Fishes ; but 
the intenrening chords are aemi-transparenL* , 

SpEOUI. OfiOAKS OF Sbvsbb. 

The essential character of the Oryan of Smell in fishes is, that the 
pituitary membrane lines the concave wall of a sac with one or more 
apertures upon the external surface, and that, in the few exce[itions 
iu which it is extended into a canal communicating witli tiie mouth 
or fauces, such naso-palatiue canal is never traversed by the respira- 
tory medium in its course to the respiratory organs. 

The extremities of theolfiwtoiy nerves (jig. 54, 56. i) expand upon 
the pituitary membrane* whidi is highly vascukur, and is covered by 
ciliated epithelium: its extensive surface is packed into the small 
compass of the olfactory capsule by num^us folds. The capsule 
is formed by a fibrous membrane, which is sometimes supported 
by a cartilaginous, and more frequently by an osseous, basis^ called 
the < tnrbinal bone' {fig* 30. 19). 

In the Dermopterl the olfactory organ is single : Dr. Kolliker f 
regards as sucTi a small, blind, tinmen tary depression (jf^. 46. o/), 
beset with vibratile cilia, and connected with the anterior end of 
the quasi-brain of the Branchioatomo, The more obvious and satis- 
factorily determined olfactory organ of the Ammocete is in the 
median line, opening above the mouth in front of the brain-sac 
( ftf/. 25. \9\ whence a narrow canal is produce<l backwards from the 
bottom of the sac to the base of tlie skull. In the Myxine the pa- 
rietcs of the olfactory canal are similarly situated, lined by a longi- 
tudinally-plicated pituitary membrane, and are strengthened by 
cartilaginiHis rings, like a trachea. The uaso-palatine tube opens 
backw ards upon the roof of the mouth ; and this opening is provided 

• Lrv. 

f XXXU. p. 32. pU iu fig. 5 A ; u siiuuld be looked for over the Ittft cyc-spvck. 
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with a valve. In the Lamprej the flaak-shaped nasal sac opens upon 
tlie top of the head : a simple membranous tube is continued from 
the i xjmnded bottom of the sac, which dihites as it descends, but 
terminates in a blind end at the hypophysial vacuity {Jiy* 2(3. Iiy) of 
the bn-io of the skull, where the mucous membrane of the palate 
passes over it entire and imperforate.* 

In all Fishes, save the Dermoptcri, the olfactory organs are 
double: and they have no comiiniiucation with the mouth. In 
Osseous Fi;shes they arc situated on the sides of the snout, and are 
COYOred by the skin, which is usually pierced by two openings for 
each sac : the Chromides, and all the Wrasses with ctenoid scales, 
have a single opening for each noae see ; the anterior apcrtnire in 
the hipeiforate sacs is often produced into a tabular prooesa, which 
acts either bjr mnsciilar power, or some modification of form, as a valre. 
It is provided with a moyeable cartilage in the Conger ; and the 
tubular nostrils of the Cydopterus are in perpetual motion in the 
living fish. Both apertures in some Lophioid fishes are bell-shaped 
and pedunculate. In some Siluri a tentacle is continued from the 
external nasal tube. When the nasal sac is round, the pituitary 
plicsB radiate from its centre : when the sac is elongated, it is usuallj 
traversed by an axial partition with a row of transverse folds on 
each side. In a few Fishes these folds are further complicated by 
secondary processes. The Sturgeon presents the radiated type of the 
olfactory organ with secondary folds ijig' 43. 19) ; but, like the 
Polypterus and Lepidosteus, each nasal sac lias a double aperture. 
The Lepidosiren has an elongated nasal sac, with the bi-serial 
arrangement of pituitary folds, and with a dou! If aperture ij^ff. «54. 
o/) ; but neither of these eomnmnicatc with the moutli : the peeidiar 
position of the nasal sacs on the under part of tlie thiek upper lip, 
liiay iiave deceived the German naturalists who have affirmed tlie 
reptilian nature of this animal on the erroneous supposition that the 
posterior aperture of the nasal sac communicated with the mouth ; the 
cartilaginous capsule of the sac is fissured, or barred, raninding one 
of the more complex nasal cartilage in the Myxincf In the Fla- 
giostomes the nasal cavities are situated beneath the snout, near the 
angles of the mouth, especially in the Rays; each cavity has a 
single and commonly wide opening, defended by valvular processes, 

* XXI. p. 4S. ; figs. ii. and iv. 

f In the first specimen of Lrpidosiren amiutttnt which lerwd for mj drscriptton 
of it! mnatoroy in 1839, partial decomposition of the upper lip liad destroyed the 
•oft membrane extended over the mouth of the olfactory nc, which led me to 
the l>elief that it had^but one opening ; the second, or posterior opening, h out»ide 
tb»_imuiiUar7 tmtii. 
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with special muscle? : t)io-r> processes are support* tl by peculiar 
cartilages more or lesi> lalmuitely connected with the proper olliictory 
cartilaginous sacs, and representing the superadded cartilageis of 
the * alx nasi' in higher Vertebrata.* They have their proper 
muscles ; whence we mwii conclude that the^sc Fishes scent as well 
as smell: L «k aetiirdj search for odoriferous impreesifHifi by rapidly 
changing the current of water through the olfactory aac 

The OrffOH of iiigikt makes its appearance in tbe lowest of FiBhea* 
«. jf. the laneelet and Hyzin^ under aa aimple a form as in the 
Leech: a minnte tegumentary follicle ia coated by dark pigment^ 
which reooFes the end of a q»eeial cerebral nenre. Thia simple eye« 
speck, tbe first mechanism for the appreciation of lights is repealed 
in the AmbfyopaU $ptX^eu9 {Jig* 5<X s). Bndimental eyeballs oorered 
by the skin exist in the Aptericktkyt eacut: the small, but mora 
complex eyes of the Lej^idosiren, with crystalline and vitreous 
humours, choroid and sclerotic tunics, are alsocoTcred by the skin; 
but this becomes transparent where it passes over them, and, ad- 
hering to the sclerotic, forms a ' cornea.* The eyes of the Eel-tribe 
and the Siluroid Fisliea are small: they are of moderate size in the 
Plagiostomcs ajirl flaTinids ; but in most Osseous Fishes the eyes are 
remarkable for their large size, wliioh becomes enorinou'S in sduie, 
e. g. Orthagori^cus (Preip. 1665. a), M>/ripristis, Pruu (uUltus. ihe 
eyes are usually placed in orbital cavities, one on each side of the 
head ; only in the unsymnK^trical Flat-fish are they both placed on 
the same side : in the Star-gazer {Uranoscopus) the eyes are ap- 
proximated on the upper surface of a nearly cubical head, and are 
directed towards the heavens : in the Hammer-headed Sharks they 
are snpported on long outward projecting pedicles. 

The optic nerve (nnfdded in Jig. 57. a) usually perforatea the eye- 
ball obliquely out of its axis ; but sometimes direetiy in its aus. In 
Osseous Fishes it is compressed where it passes through tbe sclerotic 
and choroid^ and then forms the retina by unfolding itself like a fan 
spread out and bent into the form of a coneii learing a fissure (&) 
where the free lateral borders meet after lining about two-thirds of 
the hoQow globe. This fissure extends, of coursot fi^m the entry 
of the nerve to the anterior mai^in of the retina, and through it 
a fold of the innermost kiyer of the choroid extends into the vitreous 
humour, sometimes accompanied by the dark pigmental Kuyschian 
layer, as is shown in the preparation of the eye of the Bonito 
(No. 1661.). The fold of the vascular choroid, whether accompanied 

* See the descripiioo of these ■ naseofiugeUuwrpel ' in xxi. p. 171. 
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by the pigmental layer or noti is called the falci- 
form jirofcss ' (c) ; it carries before it a fold of 
the proper tunic of the vitreous humour (* mem- 
brana hyaloidea '), and usually extends to the 
capsuk' of the lens (r/), to which it is attached 
by uK uns of a clear but firm substauce, called 
the ' campanula Halleri* 

The posterior or outer layer of the retina con- 

D^^h^fd^aum'u'iiji- cellular budis, supporting the stratum 

of cylindricules, standing yerticaUy upon its con* 
cave surftec^ with the interblended twin-Auiform oorpiitoles» both of 
which microioopie stnictureB are mote easily demonstrated in the 
present than in the higher chsses of Yertebrata. Each twin-coipasele 
is suiTounded faj a cirde of ejlindrieales. The primitiTe nerre-iibres 
radiate orer the cjUndricoles, without anastomosing, and terminate 
in free ends, not bj loops, at the basis of the dliaiy aone. A delicate 
Irat well-defined raised rim or 'bead* runs along both the anterior 
margins of the retina, and along those which form the falciform slit. 

The crystalline lens {d ) is spherical, large, finn, with a dense 
nocleus: it is almost buried in the vitreous humour, where it is 
steadied by the attachment of the falciform ligament to its thin cap* 
sule : the fore part projects through the pupil against the flat cornea, 
and so nearly tills the anterior chunber, that but a very small space 
is left for ' a(iueous humour.' 

The radiating fibres and elongated cells of the hyaloid tissue *, 
with the interstitial ' vitreous humour,' present a firmer consistency 
than in the human eye, and show their intimate structure and 
arrangement more clearly under the microscope than in Mammalia. 

The membranes situated between the retina and sclerotica, called 
collectively ' choroid tunic,' are three in number : the external layer 
in Osseous Fishes, called * membrana argetUea' («), is composed chiefly 
of microscopical aeieular crystals reflecting a silyery, or sometimes a 
golden Instrc^ with a delicate cellular basis, which assnmes more 
firmness where it is oontinned upon the ' iris.' The second or middle 
layer is the 'membrama vaseuhta,' sen 'JSaUeri^* {/), and, as its 
name implies^ is the chief seat of the ramifications of the choroid 
yessels : it also supports the ciliary nenres. The innermost layer is 
the *mtmbnma pictOy* sen ^R^tekkma^ (g), also called 'uvea,' 
which is composed of hexagonal pigment-cells, usually of a deep 
brown or black oolonr. In the Grey Shark ( Galeu§) the silveiy layer 
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h laid upon the central surface, not the periphery, of the choroid : 
(Prep. No. 1669.) 

TliL' formation of the iris by tlie production of all these membranes 
is well shown in this preparation ot lint eye of the Sword-fish (^XiphiaSy 
No. 1661.), where its thick base or 'ciliary ligament' (K) orerlaps the 
eoiiv«x borte of the bony sderotie. Hie pupil (t) is large and vm- 
ally Toand: in numj Flagioetomes it is eUiptie: in the flat-bodied 
Skates and PleuronectidaB, that grovel at the bottom and receiTe 
the raya of light from above, a fringed proeeaa deaoends from the 
upper margin of the pupil, and regulatet the quantities of admitted 
light by being let down or drawn up like a blind. The mtucolar 
Btrocture of the iris is rery feebly developed in most fishes : it is 
best seen in the pupillary curt^ of the Skate. The preparations 
of the Sword-fish's eye (Nos. 1661 and 1662.), and these of the eyes 
of the Grey- Shark {Galeus, No. 1670), and the Basking-Shark 
{Sekuhe, No. 1670. A.\ demonstrate the plicated anterior border of 
the uvea, forming the so-called * ciliary zone, or processes ' (A) ; they 
are the most complicated in the great Shark, where each process 
" consists of two or three minute folds, which, as they run f orward, 
unite into one, nn<l t<^rminate in a point at tin> circumfereni^p of the 
iris* : " but they do not, as yet, project fre«Uy inwards and forwards 
from ihe surface of the uvea. 

'1 he subordinate and accetk^ory character of the sclerotic capsule (/, /,) 
is illustrated in most Osseous Fishes by its deviation from the siub- 
spherical lorm of the true eyeball which it protects, and by tlic great 
quantity of cellular, and often also of adipose tissue (m), which fiUs the 
wide interspaee between the sclerotie and the cbordd. In the fibrous 
tissue of the sclerotie are usually developed the two cartilaginous 
or osseous hemispberoid cups already described (p. 108. ^.80. 17); 
but in place of these^ in the Ortkagorkeui, as in the Plagiostomes, the 
capsule is strengthened by a single hollow, cartilaginous, perforated 
spheroidal globe. The anterior aperture is closed by the cornea (m), 
which is essentially a modified portion of the oorium (o)^ adhering to, 
as it passes over, the usually thid^ened borders of that ap^ure. In 
this specimen of the eye of the Xqthia$ (No. 1661.) you may trace an 
accession to the cornea irom the outer fibrous layer of the sclerotic, 
which undergoes the same change of tissue, and forms the posterior 
layer of the cornea. This transparent window of the eye-capsule is 
quite flat: its hnninated structure is well displayed in the prepa- 
ration of the cornea of the Ortitagoritcm (No. 1665.), and a dark- 

• Lxn. iii. p. 147. 
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brown pigment here stains the soft integument or 'conjunctive 
membrane' (o), continoed fr n the periphery of the cornea. In the 
preparation of the eye of the same fish (No. 1649.)» » very delicate 
layer or lining membrane is reflected from the posterior surface of 
the cornea, answering to the * membrane of the aqueons humour' of 
land animnU : this humour exists in very small quantity, just enough 
to liibiK ute the iris in the eyes of Fislies: the Tnerlium through 
wliicii tiie rays of light reach the eye needs no retractive aid from 
an aqueous fluid interjwsed before the lens in the globe itself. 

Amongst the most characteristic peculiarities of the eye in the typical 
or Osseous Fitshes is the so called ' choroid gland' (o): this is of the 
class of bodies called vascular- or vaso-gauglions : it usually presents 
a dark red colour, and lies between the * silvery' and * vascular' layers 
of the choroid, more or hn eneoDpttaing, in the shape of a horse* 
shoe or bent magnet, the entzy of the optic nerve. Dr. Albers* flis* 
covered the rich marginal pleznses of TesselSi whose trunks {* stSmme') 
have their origin in this bodj, which he heUeved to connst also 
of a conyolntion of blood-Tessels. Ordinary dissection, Yumtvet, 
shows its compact snbstance to be arranged in parallel straight 
lines running between the convex and concave borders, and it has 
been called a 'muscle;' but I found that the supposed fibres con- 
sisted, in reali^, of minute, parallel, and closely disposed yesset^" 
both arteries and reins, f Professor Miiller has detected an unex- 
pected relation of co-existence between the choroid vaso-ganglion and 
the pseudo-branchia, to which the Sturgeon, Lepidosiren, and the Pla- 
giostomes are amongst the few exceptions having the pseudo-branchia*, 
but not thp vaso-ganglia. The genera Silurus, Pimelodus^ Synodoii^ 
C(^ith, and all the Eel-tribe, have neitlior pseudo-branchii)& nor choroid 
vaso-ganglia. The most remarkal)lf cxr, jiti nial peculiarity iu the 
structure of the eye in the present i 1~. |>rt^ented by tlie Anablcps, 
the cornea of which is bisected by an opaque horizontal line, and the 
iris perforated by two pupils. 

The general form of the eyeball, or rather its capsule, in Fishes, is 
a spheroid, flattened anteriorly, around which part the integuments 
commonly form a circular f<dd| yielding to the movements of the 
globe. Li Or^a^ofmem the drenlar palpebral fold is deeper, and 
is provided with a sphincter : in most Soomlieroid and Clupeoid Fishes 
there is an anterior and a posterior vertical transparent fold or 
lyelid. In the eye of the Galeut (Brep. 1762.% you may see a nictitat- 
ing memhffsne superadded to a well-developed circnhr palpebral fold of 

* Lxm. t uvb vol, Ut. (isas) ; p. 145, piip* 165S. i sad uvn. 
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the skin. A conjunctive membrane is reflected from tlic circular eye- 
lid over the third eycHd, which i.« plnrrfl nt th<' nasal side of the orbit, 
and then passf^^ nver the anternu- h ill' n\ liie eyeball. A stnmL' 
' nictitator' muscle rises from the t( iii|>oi :il side of the orbit, and pas^iu^ 
through a nuiscular and ligamentous loop, descends obliquely to be 
inserted into the lower margin of the third lid. The trochlear 
muscle had an insertion into the upper part of the circular litl, and 
depresses that part simult&neously with the ruisjuig of the third 
Ud.» 

The proper muscles of the eyeball exist in all fldiea except 
the MTxinoidfl and LepidofliraD^ and eoneist of the four reed 
and two obliqm : the latter riae from the nasal aide of the 
orhity^d are inserted most favourablj for efieettng the rotalorj 
movementa of the eyeball : bat the anperior obliqne has not its 
direction changed hj a trochlea in the present dsss. In the GtUeue 
there is a special protuberance of the upper part of the cartihiginous 
sclerotic for the common insertion of the reetui mperior and obUqum 
wperioTi and a second protuberance bebw for the common insertion 
of the ahUqmu inferior and rectus inferior. The recti muscles rise 
in manj Osseous Fishes from the sub-cranial canal f ; the origin of the 
reetut extermu being prolonged furthest back. But the recti mosdea 
are most remarkable for their length in the Hammer-headed Sharks, 
since thej rise from the basis cranii, and extend along the lateral 
processes or peduncles, at the free extremities of which the eyeballs 
are situated. In nil riagiostonicrf the eyeball is supported on a car- 
tilaginous peduiir-lo : this is short and broad in th • Hav^ ; lonircrand 
cylindrical in tlie Sharks ; in the Sclache it is articulated by a bull and 
socket synovial joint to a tuljorcle above and external to the entry of 
the optic nerve. A fibrous ligament attaches the sclerotic to the 
wall of the orbit in tiie Sturgeon and the Salmon. 

Tlie fpnee between the eyeball and the orbit contains a soft bed of 
gelatinous and adipose substance : but there is no lachrymal glund iu 
fishes. An ai)j)aratu8 to moisten the cornea was, of course unnecessary 
in animals perpetually moving in a liquid medium. The cornea, which 
in most fishes is always exposed to that medium, is flat ; iti8» therefore^ 
less liable to injury in the rapid movements of the fish, and being 

* Prof. Muller has established the family * NictltuntL's * fur the Sharkli inclltding 
the Galtua, Carcharias, and « few other genera, witli the third eyelid. 

t If, therefore, wc regard ihn canal an putt of the orbits, w« nratt add tfie ali- 
!i|ihonuid, basi-s|)hcnoid, and wen the basl-occipital to the bones enumerated at 
p. 103., as forming the chambers for the ejrehaUsi and their appendages in Fishes; 
wad dib muliiplicity of orbital bona intareftbgly repaati or parallds the cbarae- 
teralio Ibnnatioii oftbe otoeraiws or car-dbambcii in tbo present ehuNt 
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level with the aide of the head, offers no impediment to those move- 
ments. This form of oornea diminishes the caped^ of the aqueous 

chamber ; bat the aqueous humour is needed only to float the free 
border of the iris; aod to make up for the small quantity* of that 
humour, the convcxi^ and refractive power of the lens are increased. 
To compensate for the deviation firom the spherical form of the 
eyf'l>;vU produced by the flattening of its fore-part, and the con- 
sequent weakening of the power to resist external pressure, the 
sclerotic capsule is eartihiginous or bony. 

This beautiful ( of n»liiietmonts and interdependencies cannot 
but raise the rightly constituied mind to the contemplation of the 
attributes of that Creative Intelligence herein so strikingly displayed. 

Organ of Hearing, — l iie cartilaginous capsules, of the acoustic 
organs arc precociously developed in all fibhes ; in th& Myxinuidd 
and Ammocetes they retain their primitive exterior positiuii at the 
mdes of the base of the proper cranium {Jig. 24. lu) ; tliey aro 
less eonspicuous in the Lamprey {Jig. 26. ic) ; they become in- 
Tolred in the thiek cartalaginous walls of the cranium in the Plagi- 
ostomes ; and, in Osseous Fishes^ are walled up extenmlly either by 
the surrounding eranial bones, or by a special ossification of the 
exterior part of the capsule itself, forming an * os petrosum/ as, e. g. 
in the Cod {fy. 80. M). In the dry-skull the ear-ehamber appears 
as a large lateral compartment of the cranial cavity, and is formed as 
described in p. 102. 

Li the Myxinoids the membranous labyrinth is a simple annular 
tube, lined by vibratile cilia, filled with fluid, and snpportii^ the 
ramifications of the acoustic nerve. In the Ammocete and Lamprey 
the labyrinth is specially attached to its cartilaginous capsuh^ and 
consists of a ^vestibule' and two 'semicircular canals,* each of which 
dilates, at its origin, into an * ampulla/ which has some processes 
from its inner surface. The two canals again communicate with the 
vestibule, where they croi«s each other: the two divisions of the acouftic 
nerve hrst surround the ampuUs before they spread over the rest of 
the labyrinth. 

In all other Fishes the membranous labyrinth consists of a vesti- 
bule and three semicircular canals ; the vestibule dilating into one 
or more ' saccuU,' separated by a uouMtrictiun, or by a narrow canal 
from the *alveus conuuuui.*'; and containing, besides tlie fluid called 
* endolymph,' two or more masses of carbonate of lime, called ' oto- 
lites.* • These are compact and crystalline in Osseous Fishes. 

* Figures of tliese bodies will be found in txTi. uL pi. 35.; io LXXS. LxvilL md 
in Lzxii., with microscopic figures of the crystals. 
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The largest {Jiff. 30. lo'') is tn o?»l or round flattened body, striated 
and indented at the margins ; convex, and sometimes grooved (Ephip- 
pus)f on one side, more or less excavated on the other. The smaller 
otolite is less regular in its shape : there are often two of thc^^c 
Each Bcmicircular canal rises by an ampulliform end (Ji(/. 58. e,/, g) 
from the 'alveus communis,' (a) and communicates, by the opposite 
end, either with another canal, or with the vestibule separately, 
without previous dilatation : two of the canals are sub-vertical in 
their course, and are anterior (e) and posterior {g) in relative posi- 
tion : the third canal ( /) is external and horizontal. A septum is 
continued across the ampulla from the lino wht rc the division of the 
acoustic nerve enters : a large proportion of the nerve expands upon 
the sac of the otolites. All the parts of the labyrinth are of large 
size ; yet the compartments of the otocrane which the semicircular 
canals traverse ** are mndi too wide for them, and thejr are supported 
in these passages by a very fine odloUur membrane." * 

The ChimnnB and Stoigeons resemble the bony fishes in the form 
and position of the labyrintli. The otolites are a hard chalkj sub- 
stance in the Lepidosuren ; in which fish» ss well as in the Flagio- 
stomci^ the whole labyrinth is buried in the thick basi-lateral walls of 
theeraniom : in both the cartilaginons capsule confhrms more dosely 
in sise and configuration to the membranous labyrinth ; its passages 
and compartments are lined bj a delicate perichondrium, from which 
filaments are detached to support the semicircular canals. The vesti* 
bule is divided in the Skate and Tope into three compartments, — the 
*alveu8 communis' (Jig. 59. a); the sac (ib. h) and the cysticule (ib. c\ 
and it has also a small ciecal appendage, called the * utricule ' (ib.<f) : the 
otolitic contents are like soft chalk, and are disposed in two masses ; one 
very large, occupying the sac and the cysticule, the other small, and 
lodged in the utricule. A canal extends in Sharks from the vesti- 
bular capsule to a foramen at the upi)or part 
of the occiput, which is closed by the skin. 
In the Rays, besides this * fenestra capsulie' 
(ib. r), a membranous canal (ib. o, p) is pro- 
duced from the vestibule itself, and, as Hunter 
well describes, " from the union of tiie two 
perpendicular canals {Jiff' 59. p) ; which is 
the case with all the Bay kind, the external 
orifice being small, and placed on the upper 
flat surface of the head." So minute and 
**^^°Bre^*l^l^^*'^'' approximated are these 'outer ear8,*t that 

* Hunter, tii. iii. p. 101. 

t p. 389. pi. xsxiii. flg. 1. HtiDter't origfaMl memoir ** On fbe Organ of 
TOL. n. P 
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Scarpa may be pardoned tor OYerlookmg them, tli oul'Ii scarcely for 
the warmth with wliirh he repudiates their t\i-ttuce. * The 
'meatus vestibuli ' ijiy- •'>9, p) is provided at its bent ext remit/ 
with a Special muscle (ib. tr). 

A true tjrmpanic cavity and membrane, together with a cochlea, 
are absent in all Fiahea. Bat in many Osaeoua apcdea a oom^ 
miinicatioii if cttaUishod, allier by tubular pfoloogiftioM^ w by 
cbains of oMiGlea belwMn the aoonstie labyrinth and Aa air-Uadder* 
Weber f diseorered the latter interetting atractnre in the Caip^ 
Iioacht and Sheat^fiah. A canal la Moi firom the aae of eadi Tca- 
tibnle {A-^ ^> to» comBum 'nnna impar' (ih.A) in the aab- 
staaee of the baai*oeeifiital: thia commimieatea on each ade bj 
a amaU oriAoa with two aabapbeiical *atri%' oo the body of ^ 
athub <^loee to the foramen magnoniy which *atria* am 8iq>ported 
externally by tfie <»siclea I and m, and, by means of the large 
ossicle o, are brought into eommnnication with the fixe part of the 
air-bladder {p). Both the atria and common ainna are filled by the 
endolymph, and from the fore part of the sinns a ' canalis furcatus * 
(ib. i) is produced, the blind ends of which penetrate the alisphenoids. 
In the erovelinn: I/oach {Cohitit barbaiula), the air-bladder would 
seem tu txist cliiefly in subserviency to the organ of hearing. 
It is so imall as to be wholly included within the singularly 
iiiodiiied parapojili}&<,3 of the second and third cervical vertebra?, 
which are expanded and coalesced so as to form a ^rge 'bulla 
ossea ' beneath their ceutrum64 ^he three ossicles on each side, 
which bring the air-Uadder into communication with the ' atriu ' of 
the labyrinth, are alao concealed by the fore part of the parapophysial 
bolltt: it ia plain, therefore^ that they are not diamembennents of 
thofle Intend or traaererw apophyses of the Tertebrtt ; and, with 
regard to their rehtion to the ^oeacula aoditfta' of the tympanic 
cavity in Mammalia, Weber mistook a rdation of analogy for one of 
homoU^, when he called them 'malleus* 'incofl^' and 'stapes.' 
Tbsy bdong^ like the capsules of the special otgana of senses to the 
* splanchnoekeleton.* And since the Testibtde ia prolonged by the 
/atria' into the neural canal of tlie atlas, this Tcrtebiamnst be added, 
in the Cyprinoidand SUuroid Fishes, to the parts of the cranial verte* 

Hearing in Fishes "was printed in the Toluroe of the Philosophical l^iBMCtiollt 
for 17&% not, m Breichet sutei, in the jme 1786. (ltiu. p. 58. ) 

* *■ Huntemm nntem atqut Honroam vtluuMntcr super bac re slhi ballucinatos 
ftiiwo." (»* ^ I, 8.) 

t LXXtXI. 

\ Mr. Yarrell, wlio luis given a figure of thene singularly modified parapophyses 
of the Loach (lxxix. i. p. 380.) compares them to 'scapul*;* but I flod the pec- 
toral fins attached to the true scapular ar^H aad this KMpMidgd m Ma^ai |q 
paroccipitaU, in the CobUit imrbalmla. 



Digitized by LiOOgle 



HBRVOU8 STSIUC OF nSHBS. 



Sll 



bne enumerated at p. 102^ as entering into the formationof the cham- 
ber of the acoustic oi^n. In the Herring a tubuhtf prolongation of the 
fore part of tlie air-bladder advances to the basi-occipital, and bifur- 
cates ; each bt anrh prnotratc? the side of the base of tlie skull, nfrfiin 
bifurcates, and terminates in two blind sacs, which nro in contact with 
similar ca>cal prorrssos of the labyrinth, in tli< Hoiocentinim and 
Sargus, caccai proeesioes of the swim-bladder also diverge, to attach 
themselves to tlie membrane closing the part of the otocrane con- 
taining the sac of the great otolite. 

In Osseous Fishes the sonorous vibrations of their liquid element is 
communicated by the medium of the solid parts of their bodj, and in 
some q)ecies, also, through the vibrations of the air in the air-bladder, 
to the liquid oontenta of the kbyrintb. In the Plagiostomous Fishes 
the xeBonaaee in the wells of tiidr cartilegiiiooa cnniiim 'is leas 
then in the ho^ skull of ordinaiy flshes; bat the bbyrinth is 
whoDj inclosed in the eertilage; and a further oompenaation is 
made by the prohmgation of its ohamher to the soriaoe of the bodj 
in some, and bj a similar prolongation of the membranons laliTrinth 
itself in others. The porition of the external orifices on the top of 
the head in the Skate tribc^ may relale to the eommon]^ prone poaition 
of these flat fishes at the bottom of the sea. Professor Mailer con* 
eludes, Irom his experiments^ **that the air-bladder in flsheSy in 
addition to other uses^ serves the purpose of increasing b7 resonance 
the intensity of the f<onorous undulations communicated from water 
to the body of the fish.*** The vibrations thus communicated to the 
peri- and endo-lymph of the labyrinth are doubtless made to beat 
more strongly upon the delicate extremities of the acoustic nerve, in 
osseous fishes, by their efiect upon the suspended ot'^litrs : and it will 
be observed, that the chief portions of the nerve tx|>and ujion those 
chambers of the vestibule, which contain the otolites. The hirge size 
of the organ of hearing, and especially that of the hard otolites, also 
relate to the medium through which the sonorous vibrations are pro- 
pagated to the fish, and to the mode in which they are transmitted 
to the organ ; in like manner as the eyeballs are expanded, in order 
to take in the utmost possible amount of light. The contracted en- 
cephalon harmonises with and suffices for the aensationa and yolitionSy 
and the simple series of ideas daily repeated in the monotonous ex- 
istence of the acaled inhabitanta of the watera. To aaj that the fiah'a 
eara and ejea wm made enormous in order to strike strongly on its dull 
brain — that the derelopmentof the organs of sense has been exag- 
gerated to oompenaate for fbe defectiTe rise of their nerroua centrea 
—impliea a want of due appreciation of the beautifal a^juatment of the 



* J.XZI1I. p. 1245. 
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proportioiis of the labyrinth and eyeball to the conditions under 
whicli the fiali receives itd impressions of the sonorooa and luminoiu 
undulaltoiiSi 

Elkctric Oboans. 

Extraordinary as are the modifications and appendages of the peri- 
pheral extremities of the nerves of smell, sight, and hearingi other 
nerves in fishes are subject to still stranger combinations, and con- 
Btitiitc organs quite unknown in any other class of Vertebrate Ani- 
mals i thfi^p, vir.. v:}]\ch endow a fish with the wonderful property of 
accumulating, concentrating, and applying in its own lielioof an impon- 
derable ngcnt of a purely j)hysical nature, which gives it the power to 
coiumunicute electric sLiocks, — to wield at will the artillery of the skies. 

But few fishes are known to possess this faculty, and I shall limit 
the demonstration ol" the electric organs to the two genera wliicJi 
possess them in the highest state of development, and which are most 
dreaded for the force of the shocks they impart ; these are the Tor- 
pedo and the Gymnotus. 

In the Torpedo Chilvani* the organs are two in mimber, are 
large, flattened, reniform bodies, lodged on each side the bead and 
gills, and encompassed hj these and bj the anterior borders of the 
pectoral fins (Jiff. 46. x), and they consist of a mass of Tertical, for 
the most part hexagomd, prisms, the ends of which are covered bj 
the dorsal and ventral integuments. When you reflect these, yon 
find the organs immediately coated by a thin glistening aponeurosis^ 
which sends down partitions forming the duunbers of the prismatic 
columns* Each column, when insulated in the recent fish, seems 
like a mass of clear trembling jelly ; but consists of a series of de> 
licate membranous plates inclosed by, or adherent by their margins 
to a proper capsule, and separated from each other by 9, small quan- 
tity of a limpid albuminous fluid. Each flattened cell thus formed, is 
lined by an epithelium of nucleated corpuscles : the fibrous tissue of 
the plates and common capsule presents the microscopic characters of 
elastic tissue; between it nnd the epitholium is a clear unorganised 
layer, the seat of the ultimate ramifications of the vessels and nerves. 
The proper capsule adheres to the aponeurotic partition-walls which 
support the columns and the larger branches of the nerves and vessels 
of the organ.! The transverse plates of the vertical columns are 

* Tlie elfctric orjrnns in the Torp. Narce and Torp. Nobiliana do not materially 
diDVr trum tliu:>c al>uve described and illustrated by the dissections of Hunter.—- 
See Not. 2167—2179., and lxxx. 

f Some of the vertical columns do not extend through the entire thickness of 
the organ. 1 have found them interrupted where the deep-seated nerves traver&e 
the subfttancc of t>ic hattery, but have notf In any instance^ niececded in finding a 
natural division of tbo orgMi into two tttala of doml and teotf^ ttrfiimmii — See 
xci. p. GO. 
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conspi* uiius in I'reparations 21 7(1 and 2177. Hunter, who counted 
470 Lulumns in each organ, describes the partitioue m being very 
vascular : — " The arteries," he says, " are branches from the vessels 
of the gills, which convey the blood that has received the influence 
of r<espiratiou." iiut tiie nioiit characteristic feature of the organi- 
Mraon of the electric battery is, us Hunter also demonstrates, its 
enonaons supply of nerroQB matter. Each organ derives this supply 
firom oDo branch of the triganinal (fy. 45, 5), imd from four branches 
of the ^agal nerves {HitL 8, s), and the four anterior nerves are each 
as thick as the spinal chord : the last nerve is a feeble branch of the 
▼i^us. The trigeminal and vsgal enlaigements of the olivary and 
restiform tracts coalesce on each side, ibnning the so-called * electric 
lobes' of the medulla oblongata. The electric branch of the flftii 
nerve may be defined, even at its origin, from the trae gangUonie 
part of that nerve ; and Professor Savi* affirms that both this and 
the vagal branches consist entirely of the primitive nerve>fibres of 
animal life^ or " a double contour and that they are distributed by 
successive resolution into smaller and smaller fasciculi, until they 
finally penetrate the septa of the columns^ and terminate thereon by 
meshes formed by loops, or by the return and anaatomosis of the 
terminal elementary nerve-fibres, f 

In the eel-like Gymnotus the electric organs are four in number, 
and arc situated two on Q.nrh pido tlie body, extending from behind 
tiie pectoral tins to nenr tin . lui ot the tail (see Preps. 2186, 2187). 
They occupy and almost constitute the whole lower half of the trunk ; 
the upper organ is much larf^er than the lower one, from which it is 
separated by a thin muscular and aponeurotic stratum. Tlie organs 
of one side are separated from those of the other, above by the verte- 
bral column and its muscles, then by the air-bladder, and below this 
by an aponeurotic septum. From this septum, and from that covering 
the air-bladder, there extend wnlmaxda, to be attached to the skin, a 
series of horixontal, or nearly horizontal, membianes, arranged in the 
longitudinal axis of the body nearly parallel to one another ; they are 
of great but varying length, some being co-extensive with the whole 
organ; their breadth is slmoet that of the semidiameter of the 
plane of the body in which they are sitnated. These membranes are 
about half a line apart at their outer borders ; but, as they pass ftom 
the skin towards theb inner attachments, they approach one another. 
They are intersected transversely by more delicate vertical plates, 
extending from the skin to the median aponeurosis, and co>extensive 
in length with the breadth of the septa between which they are 

• Lxxn. p. 31H. 

t flavi. Aelct du Congrii 8eientifiqu«, k Fkmnee," 184a 
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placed. Hunter counted about 240 of tlicsc plates in a single mdi 
of length of the horizontal membrane. lie rightly compares Hiow 
stronger membmiM to the aponearotie walls of die prisms of the 
Torpedo^ and the interseeting delicate phites, to the paititioiis of the 
priams : a pellaeid liquid intervenes between the plates of the Gjm- 
Botus ; and» if we admit the anak^ of these platfiSy and of those of the 
Torpedo^ to the phtes of the yoltaic pi]e» we pereeiTe tbat» in the 
Gymnotu^ the batteries aie horisontal and the plates rertiGa], whilst 
in the Torpedo the batteries are yertical and their plates horizontsL 
The situation of the organs is also verj different in the two fishes ; 
they extend from before the pectoral fins to the anterior part of tLc 
head in the one, and from behind the pectoral fins to near the end of 
the tail in tho other. But a more important difference exists in the 
source of the nervous supply. In the Gymnotus the electric organs 
art? supplied by the * rami ventrales * of all the spinal ner\'cs, about 200 
}>!!ir«<, that i&sue in the course of their extent ; some of the filamenta 
ruDiity upon the horizontal membranes from their cutaneous iimrgins; 
but ilie greater part of the nerves come from *the dee}>* r-seated 
branches whieit descend upon the median aponeurotic partitiuii-wall, 
and spread upon the septa of the orj^an from wilhiu outwardr*. Yet 
the nervua lateralis, which is derived from the same cerebral nerves as 
those which, iu the Torpedo, supply the electric batteries, and which is 
formed by similar proportions of the trigeminal and vagus, extends 
the whole length of the electric organs in the Gymnotus withont 
rendering them a filament; it is sitnated nearer the spine, and is of 
lai^ger rfse than nsoal^ but Hnnter* was not able to trace anj nerrea 
going fiwm ft to join those of the mednJla apinalii^ which run to the 
organ.** 

The proportional sise of the electric organs is mneh greater in the 
Gjmnotas than in the Torpedo: indeed, the proper body of the 
Gymnotus is, as it were^ a mere appendage tacked on to the fore 
part of the enormous batteries; for the digestiTe and generative 
yiscera» with the respiratory and circulating organs, the brain and 
organs of sense, — all, in fact^ that constitute the proper animal,— 
are confined to that small segment of the entire body which is 
anterior to the electrical apparatus. The Yeat even opvas btfieath 
the head, in advance of the pectoral fins. 

The electric organs of the Malaptentrffs electrtciis are described 
afi forming on eacii side the body, between the skin and tlie lateral 
muscles, two tliin stratii, on(^ consistinc of minute ln7cncro-5;hapcd 
cells, the other of six or moi t line longitudinal membranes, with a 
delicate interrening cellular structure : they thus combine the cba- 

* uxx. 
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ractefs both of those of the Tcnpedo and the GTinnotiub and not only 
in stmctnre^ bnt in aome degree^ likewise^ in regard to the aouice of 
their nervous enezgyi the enter oiigans being supplied by the * nerros 
lateralis * from the vagus ; the laminated inner one receiving branches 
from the *rami ventrales' of the spinal nerves.* The shock com- 
municated by the Malapierurm deeiricus is comparativelj feeble. 

When the Neapolitan fishermen pull Iheir nets to shore, their first 
aet nsuaUj is to wash the fishes by dashing oyer them bucketfuls of 
sea-water ; and if a Torpedo be amongst the captured shcNiI, it makes 
its presence instantly felt by the shock transmitted to the arm, which 
is ill the act of discharging the bucket. If the fifh be handled, the 
shock i'^ too strong; t\n>\ painful to be willingly eru omit* TPfl n second 
time, and tlir ai tn remains benumbed for some time. Eacii repetition 
of the discharge, however, enfeebles its force, and the surface ot' tlie 
fish capable of communicating the shock progressively conti'actS| as 
life departs, to the region of the organs themselves. 

An animal mustbein communication with the Torpedo by twodistinct 
points, in order to receive the shock. If an insulated and prepared 
frog f touches the torpedo by the end ol a nerve only, no muscular 
contractions ensue on the discharge of the battery; but a second 
contact by the end of another nerve, or by a portion of musele» or any 
other part of the body> immediately produces them. When the fisher- 
man dashes tiie stream of water over the Torpedo, the etectrio 
cnxrent passes up from the dorsal surfhoe of the batteries against the 
stream to tbe man's hand, and the circle is completed 1^ tlie earth ez« 
tending from the man's feet to the ventral surface of tiie i«one Bsh. 

The dorsal sni&oe of the dectrie organ is always positive^ the 
ventral surface negative. } The Torpedo has no power of otherwise 
directing the electric eunents ; but Matteucei found that wounding 
the electrio lobes of the brain sometimes reversed the direction. 
These currents, besides their effects on the living body, exercise all 
the other known powers of eleclricity : they render the needle mag- 
netic §, decompose chemical compound^ and emit the spark. || The 
dischai^ of strong currents is usually accompanied by visible con- 
traction of parts of the body, usually by a retraction of the eyes of 
the Torpedo, and one muscle (^/if/. 45. o) is nrranged so as to 
constrict part of the circumference of each battery ; but such con- 
sentaneous muscular action, though it may add to the force of the 
discharge, is not essential to its production. The benumbing effect 
seems to be produced by the rapid succession of shocks delivered by 

* weu t xmru p. 14S. f uxuit. 
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the recent and vigoroiis fiali. Hatteneci aaeertained that, during the 
diacbarge, the netren of the organ were not travereed hj anj doctrie 
cnnrent. 

Humboldt has given a Hvelj narratiTe of the mode of capture of 
the GTomoti, employed by the Radians of Soath America. 

They xonse the Gjmnoti by driving hones and mulefl into the 

ponds which those fish inhabit, aad-haipoon them when tliey have ex- 
hanetccl their electricity iip<m the onlu^py qnadmpedB ; I wished,** 
eays Humboldt, " that a cloTer arliat eonld have depicted the most 
animated period of the attack : the groups of Indians sarroundlng 
the pond, the horses with their manes erect and eyeballs wild with 
pain and fright, striving to escape from the electric storm which 
they had roused, and driven back by the shouts and long wliips of 
tlie excited Indians : the livid y^'llow p<d?i, like great water-snakes, 
swimming near the surface nml j uisuin^ their enemy: all these 
objects presented a most picturesque and exoitinir * ensemble.' In 
less than five minutes two horses were killed : tlie eel, beinfj more 
than live feet in length, glides beneath the body of the hor»e and 
discharges the whole length of its electric organ : it attacks at tlie 
same time the heart, the digestive viscera, and, above all, the gastric 
plexus of nerves. 1 thought the scene would have a tragic termi- 
nation, and expected to see most of the quadrupeds killed ; but the 
Indiana assured me the fishing would soon be finished, and that <mly 
the first attack of the Gymnott was really formidable. In fact, after 
the conflict had lasted a quarter of an hour, the mules and horaes ap« 
peared less alarmed » they no longer erected their maaea^ and their 
eyes expressed less pain and tenor: One no longer saw them struck 
down in the water ; and the eels, instead of swimming to the attack, 
retreated from their assailants and approached the shore." The 
Indians now began to use their missUes; and by means of the long 
cord attached to the harpoon, jerked the fish out of the water with- 
out receiving any shook so long as the cord was dry.* 

All the circumstances narrated by the celebrated philosopher, 
establish the cl(^ analogy between the Gymnotus and Torpedo in 
the vital phenomena attendii^ the exercise of their extraordinary 
means of offence. The exercise is voluntary and exhaustive of the 
nervous energy ; like voluntary muscular efibrt, it needs repose and 
nourishment to produce a fresh accumulation. 

I was so fortunate as to witness the experiments pertoi int J by 
Profe^r Faraday on the large Gymnotus which was so luviii jji e- 
served alive at the ' Adelaide Gallery ' in Loudon. That the most 

* cv. p 55. 
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powerful shocks were received when one hand grasped the liead and 
the other hand the tail of the Gymnotus. I had painful experience ; 
e^p^cially at the wrists, the elbows and across the back. But our 
distinguished experimenter showed us that the nearer the liand?^ 
were together within certain limits the less powerful was the siit>ck. 
He demonstrated by the galvanometer that the direction of the 
electric current was always from the anterior parts of the animal to 
the posterior pai*ts, and that the person touching the fish wiili botli 
liandfl received only the diBchaige of the parts of the organs included 
between the polntB of contaet. Needles wen eoiiTerted Into mag- 
nete : iodine ww obtained by polar deoompofiition of iodide of po- 
taasiiim $ and, availing himaeif of this testyBrofessor Faraday showed 
that any giv^ part of the organ is negative to other parts before il, 
and positive to such as are behind it. Finally, heat was evolved, 
and the eleeCrie spark obtained. Referring to the admirable Me- 
moir*, in whieh these and other experiments on the Gymnotns 
are described, I siiatt only revert to the relation which exists between 
the comparative anatomy of the organs of the Torpedo and Gijm* 
noti]% and the dilference in the direction of their electric enrrents^ 
as determined by the physical experiments. The delicate plates sus- 
taining the terminal meshes of the nerves and vessels are horizontal 
in the Torpedo ; the course of the electric current is from above 
downwards. The correspondin}:^ plates in the GymnottH are vertical ; 
the direction of the electric current is from before backward'^ : r. 
it is vertical to the planes of the plates of the organised voltaic piles 
in both cases. 

There is another analogy which the row of compressed ceils con- 
Btitutinpr the electric prism of the Torpe<lo suggests, viz. to the 
BtriuicHl libre of voluiitaiy muscle, or to the row of microscopic discoid 
cells of wliich the elementary muscular li lament appears to consist. 
The looped termination of the exciting nerve is common to muscular 
tissue and that of the electric organ. The electric^ like the motoiy 
nervesi rise from the anterior myelonal tracts ; and, though they have 
a special lobe at thdr origin, beyond that origin they have no ganglion. 
An impression on any part of the body of tiie Toipedo is earned by 
the sensory nerves either directly, or through the posterior myelonal 
tracts^ to the brain, exdtes there tiie act of volition, which is conveyed 
along the electric nerves to the organs and produces the shock : 
in muscular contraction, the impression and volition take the same 
course to the muscular fibres. If the electric nerves are divided at 
their origin from the brain the course of the stimulus is interrupted, 



* LXXKUU 



218 



LECTURE VIII. 



and no irritant to the body Las any effect on the electric organs any 
more than it would have under the like circumstances on the muscles. 
But, if the ends of the nerves in connection with the organ be irri- 
tated, the dischaxge of electricity takes p]aoe> just as imtating the 
end of the divided motor aerve in oonnectioii with mnade would 
induce its oontrsctioa. If part of the eleetrie nerves be left in eon* 
nection with the brain, the stamnliis of volition cannot^ throvgli theses 
excite the diachaige of the whole ofgan, bat only of that part ni the 
organ to which the undivided nerves are distributed* So^ likewise^ 
the irritation of the end of a divided nerve in connection with the 
electric apparatus, excites the diaohaige of only tliat part to which 
such nerve is distributed. We have seen that the power of exciting 
the electric action, like that of exciting the muscular contraction, is 
exhausted by exercise and reooTered by repose : it is also augmented 
by energetic circulation and respiration ; and what is more signi- 
ficative of their close analogy, both powers arc exalted by the direct 
action, on the nervoiiR centres, of the drug * strychnine:' its appli- 
cation causes simultaneously a tetanic state of the muscles of the 
fish, and a rapid succession of involuntary electric discharges. • 

The survey of the nervous system of fishes camiot be concluded 
without a notice of two systems of mucous organs in intimate con- 
nection with the nerves of sensation; one system is conimoii to the 
Torpedo with other Plagiostomes ; the other system is peculiai' to the 
Torpedo, in which it was discovered by Prof. Savi. 

The first or mnciferouB ^tem oonsists of the long slender mucous 
tubes 45. u), which, cononenctng by groups of globular vesicleo 
(ib. M.) situated in the Torpedo^ symmetrically at the forepart of the 
head and outride the electric organs, mn in parrild fasdculi irom which 
the tubei^ suooesnvely detaching themselvei^ perforate the afcin, and 
terminate hy orifices, some at the dorsal, some at the ventral sur&ocb 
between the outer border of the electric organs and that of the hodj 
of the animal A oonriderable filament of the ganglionic portion of 
the trigeminal nerve expands upon the ampullifonn commencement 
of each of the mucifcrou^ tubes: the nerve may receive impresrions 
conveyed to it by the tube and its olear jelly-like contents, or it may 
preside over the secretion of thoae contents^ or combine both fonc- 
tions. 

Tlie second or follicular system consists of linear series of minute 
subcutaneous subspherical cells, sitimtt'd at the anterior part of the 
head of the Torpedo, chiefly on the under surface : each ceil has a 
double membranous tunic, and contains a grey cerebrifwm matter ; 

* LXXTI. p. 162. 
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a branch of the anterior division of the fifth nerye enters each fol- 
licle, nmkes a coil there, aad quits it to join another filament, or to 
return to its own stem.* 



LBCXU&E IX. 

DIGB8TITS 8T9TEX OF FI8HB8. 
DetUiium. 

Tbm teeth of fishes^ wliedier we itudjtliem in r^gprd to their nam- 
ber, fofin, sniMtanoe, atmetnre^ dtaatioii, or mode of «ttachment» offer 
a greater and mm striking aeries of yarieties than do tliose of any 
other class of animals. 

Aa to namher, they range hem aero to countless quantities. The 
Lancelet, the Ammocete, the Sturgeon, the Paddle-fish (Jig. 6 1 . a. b,}, 
and the whole order of Lophobranchii, are edentulous. The Myxinoids 
hare a single pointed tooth on the roof of the mouth, and two serrated 
dental plates on the tongne. The Carp has a single grinding tooth 
on the occiput, opposed to two dentigerous pharyngeal jaws below. 
In the Lepidosiren a single maxillary dental plate is opposed to a 
single mandibular one, and there are two small denticles on the nasal 
bone. In the extinct Sharks with crushing teeth, called Certttodus 
and Cfrnodus, the jaws were armed with four teeth, two above and 
two beluw. In the Chimfleraj two mandibular teetli are opposed to 
four maxillary teeth. From this low point the number in different 
fishes is progressively multiplied until, in the Pike, the Silurus, and 
many other fishes, the mouth becomes crowded with innumerable 
teeth. 

With respect to form, I may first obserre, that as organised beings 
withdraw themselves more and more, in their ascent in the scale of 
life, from the infloence of common phystcsl agents, so their parts pro* 
gressively deviate from geometrical fignres : it is only, therrforcb in 
the lowest vertehrated class that we find teeth in the form of periect 
enhes^ and of prisms or phites with three (Hfyleiet), fbor {Sisarm), 
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Ave, or six nddB, MnUobaiet^Jig, The cone is the most cob- 

mon form in fishes: soeh teeth msj be 
slender, sharp-pointed, and so minute, 
numerous, and closely aggregat€d, as 
to resemble the plush or pile of velvet; 
these are called * villiform teeth {denta 
vilUformeSf dents en velourx^) ; all the 
teeth of the Perch are of this kind : 
when the teeth are equally fine and 
JamaDdtMCbiMjUotatM. numerous, but longer, tbcy are called 
* d^iform * (denies riliiformes) : when the teeth are similar to, but 
rather stronger than these, they are called 'setilbrm {dentcs seti- 
formes, druts en brossc) : conical teeth, as close set and sharp 
pointed as the villiform teeth, but of larger size, are called ' rasp- 
teeth' {tlentes raduliformeSy dents en rape or en rardes); the 
Pike presents such teeth on th<' back part of the vomer : the teeth 
of the Slieat-lish {Sili/rus f/la/iis) present all the gradatiODS 
between the villiform and raduliform type^. Setiform teeth are com- 
mon in the fishes thence called Chtetodontfi| ; in the genus CUkanM 
they biforcate at their free eztremitieB ; in the genus iloted; they end 
there in three diverging points (V, pL 1), and the cone here meiges 
Into the long and slender cylinder. Sometimes the cone Is oomprened 
into a slender trenchant hlade : and this may be pointed and reennred, 
as in ifvnsiMi (V, pL 5^>%r. 4.) ; or barbed, as In TVteAMincr (V, 
hjhf ^')» ■"'^ ot^ Scomberoids ; er it may be bent npon ita^ 
Wn a tenterhook, as in the fishes thence called Goniodont8.§ In tiie 
Bonito may be perceived a progresriye thickening of the base of the 
conical teeth ; and this being combined in other predatory fishes with 
Increased size and recurved direction, they then resemble the laniaiy 
or canine teeth of camivoroos quadrupeds, as we see in the laige teeth 
of the Piko. 

The anterior diverging grappling teeth of the wolf-fish (V, pL 60.) 
form stronger cones ; and by progressive blunting, flattening, and 
expansion of the apex, observahle in different fishes, the cone by 
degrees changes to the thick and short cylinder, sucli as is seen in tlie 
back teeth of the wolf-fish (V, pi. 61.), and in similar grinding and 
crushing teeth in other genera, whether phytiphagous, or feeders on 
crustiiceous and testaceous animals. The grinding surface of these 
short cylindrical teeth may be convex, as in tlie Sheep's-head Fish 
{Sargtu, V, pL I. Jiff. 13.) ; or flattened, as in the pharyngeal teeth of 

• See V. pL S5. 49. 

I The Vrencb terms are those uied by Cuvier and Valenciennes in xxiii. pa$nm. 
I Xa(nf, bristle s Mo2»f , tooth. § retria, aa angle ; 6Sovs» a tootli. 
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the Wrasse {Lahrus, Y, pL AS.Jig, 4.). Sometimes the hemispheric 
teeth are so numerous, and spread over so broad a surface, as to 
resemble a pavcmcut {Chrt/sophri/s, V, i)\.45.Jiff8.S.6; and Pisodus^ 
pi. \1. Jiq. 3.) ; or they may be so small, as well as numerous {denies 
graniformes), as to give a granulated surface to the part of the 
mouth to which they are attached (premaxillaries of Labrus, V, 
fig.l,). A progrei?r<ive increase of the transverse over the 
vertical diameter nuiy be traced in the molar teeth of different fishes, 
and sometimes iu those of the same Individ uul, a.^ lu JAibrus (V, pi. 45. 
Jig, 4) and Placodus (V, pi. 30.), until the cylindrical form is exchanged 
for that of the depressed plate. Such dental plates {denUt lamelli- 
farmei) may be found, not only' drcnlar, but elliptical, oval, semilunar, 
sigmoid, oblong, and even, as aboTe-mentioned, square, hexagonal, 
pentagonal, or triangular; and the grinding surface presents as 
Tsrious and beautiful kinds of sculpturing. The broadest and thinnest 
lameUiform teeth are those that fonn tiie comptoz grinding tubwcle of 
the Diodon (V, pL 8B,fy* 2.). The front teeth of the Flounder and 
Saxgus present the form of compressed plates* at least in the crown, 
and are true ' deiUet mcMivt.* Numerous wedge-shaped d^tai plates 
{denies runcatP) arc set vertically in the pharyngeal bones of the 
Parrot^fish (Scartfs, V, pi. ol.). A thin lamella, slightly curved like 
a finger-nail, is the singular form of tooth iti an extinct genus of fishes, 
which I have thence called Petalodm {\, pi. 22. Jigs. 3, 4, 5.) 
Sometimes the incisive form of tooth is notched in the middle of the 
cutting ed^f^, a«iTT Sfrrr/rf<; rfnimaculaius (V, [>1. l.Jig. 9.). Sometimes 
the edge ot tli* crown is trUobate {Aploddctglus, ih.Jig. 10.). Some- 
times it is made quinquclobatc by a double notch on each side of the 
lariro middle lobe {Ttoops^ ih.Jig. 11.). In the formidable Sea-piko 
{Spiii/ncna Barrac(ii!<r, V, pi. 53.) the crouii of each tooth, large and 
small, is produced into a compressed and sharp point, and resembles a 
lancet. Sometimes the edges of such lancet-shaped teeth are finely 
serrated, as in Priodon (^V, pL l.Jig. 12.), and the great Sharks of the 
genus CanktmoM, the fo^ teeth of whidi indicate a species {Carck. 
Megaiodon) sixty or soTenty feet in length. 

The lancet is changed for the stronger spear-shaped tooth in the 
Sharks of the genus Lanmet, and in the allied great extinct Oipcbct, 
as in the small Porbeagle^ similarlj shaped, but stronger, piercing 
and cutting teeth were accompanied by one or more accessory com- 
pressed cusps on each side their base, like the Malay crease. 

With respect to situation, the teeth, in Sharks and Bays^ arelindted 
to the bones (maxillary and mandibular), which form the anterior 
aperture of the mouth : in the Carp and other Cyprinoids the teeth 
are confined to the bones which circumscribe the posterior aperture 
of the mouth, viz. the pharyngeals and bSsi-occipital. The Wrasses 
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^Labrus), and the Parrol-li-bed {Scarn^}^ have teeth on the \n'e- 
maxillary and pre-maiidilnil;ir, as well as on the upper and lower 
pharytigeuld ; both the anterior and posterior a[)crture8 of the mouth 
being thus provided with instruments for seizing, dividing, or com- 
miuuting the food, the grinders being situated at the pharynx. 
In most fishes teeth are developed also ift the intennediata paita oi 
the oral cavitj, as on the palatines^ the Tomery the hjoid bonea^ the 
branchial arches; and, fhongh lees commculj, on the pterygoidsy the 
entopterygoidfl^ the basi-pc o s p henoid, and even oa the nasal bone* 
It is Teiy nure to find teeth deydoped on the true snperior mazillaiy 
bones; bot the Hennng and Salmon tribes^ some of the Ganoid Fishes 
and the great Sudii {JSff, 96,), are examples of this approaeh to the 
higher Vertabrata. Among the aaomalons positions of teeth m&j be 
eited, besides the occipital alveolus of the Carp (V. pi. 57. J^, 6*X the 
maiginal alveoli of the prolonged, depressed, well oeaficd rostmm of 
the Saw-Ash (FristiSy V. pi, 8.) In the Lampreys and in Helostomut 
(an osseons fish), most of the teeth are attached to the lips. Lastly, 
it is peculiar to the class I^sceSy amongst Vertebrntn, to offer ex- 
amples of teeth developed in the mcdnm line of the mouth, as in the 
palate of the Myxines ; or rrossiriL' the symphysis of the jaW| as in 
j^otidanus, Sci/mrttfs and Myliobates. 

Nor is the niodr lops varied tliRTi the place of attachment : some 
teeth, as those of Lopliius^ Pocaiia, Atiableps, are always moveable : 
in most fishes tliey are anchylosed to the jaws by continuuus ossi- 
lication from the base of the dental pulp ; the histological transition 
being more or less gradual from the structure of the tooth to that of 
the bone. Sometimes we fin^not the base, but one side of the tooth 
anchylosed to the alveohir border of the jaw : and the teeth oppose 
each other by Ifadr sides instead of their summits {Sotmuy V, pL 49.) : 
in Fimelodus, however, where the teeth are thus attaehed, tiie crown 
is bent down in the upper teeth, and bent up in the lower ones, at 
right angles to tiie fang, so tliat they)Dppo8e each other in the normal 
way. The base of anehylosed teeth is, at firat> attached to the 
jaw-bone bj ligamoit; and in the Cod*fish, Wolf-fish, and some 
other spedee, as ealeiflcation of the tooth progreeses towards its base^ 
the subjacent povtion of tiie jaw-bone receives a stimulus, and 
developes a prooees corresponding in size and form with the base of 
the tooth : for some time a thin layer of ligamentous substance inter- 
venes, but anchylosis usually takes place to a greater or less extent 
before the tooth is shed. Most of the teeth of the Lophius retain 
the primitive ligamentous connection : the ligaments of the large 
internal or posterior teeth of the upper and lower jaws, radiate on 
the eun csponding sidef* of the bone, the baj^f^ of the tooth resting on 
» conformable alveolar process. The ligameutd do not permit the 
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tooth to be bent outwards Im yoiid the vertical position, but yield to 
pressure in tlx contrary direction, by which the point of the tooth 
may be directed towards the back of the mouth : the instant, how- 
ever, that the preMure is remitted, the tooth returns tlirough the 
elasticity of the bent ligaments, as by the action of a spring, into its 
usual erect position : the deglutition of tlie prey of this voracious tish 
is thus facilitated, and its escape prevented. The broad and generally 
bifurcate bonj base of the teeth of Sharks is attached by ligament to 
the seml-oisHM crust of the etrtilaginoiu jaws ; but thej bAve no 
power €f erectbg or depnssiug the teeth at wilL The emaU end 
doeelj crowded teeth of Bays are also connected by ligaments to the 
soljacent mamillary and mandibolar membranes* The broad tessetoted 
teeth of the Myliobatee have their attached surface longitudinaUy 
grooved to affinrd them better hold-fast, andthesidesef the contigaoas 
teeth are articulated together by serrated or finely undulating sutures 
(V, pi. 27.x ^ structure unhiue in dental organisation. The teeth of 
the Sphynena are examples of the orrlinary implantation in sockets, 
with the addition of a slight anchylosis of the base of the fully-formed 
tooth with tiie alveolar parietes ; and the compressed rostral teeth of the 
Saw-fish ve deeply implanted in sockets : the hind margin of their 
base is grooved, and a corresponding ridge from the back part of tho 
socket fits into the groove, and gives additional fixation to the tooth. 
Some implanted teeth in the present class have their hollow base 
further supported, like the claws of tlic ieline tribe, upon a bony 
process arising from the base of the .^ u ket: the incisors of the Ba- 
Hstes, e.g», afford an cxumpie of this double or reciprocal gomphosis. 
In iVu t, the whole of this part of the organisation of fishes is replete 
witii bt^utifui iuetances of design, and instructive illustrations of 
animal mechanics. The vertical section of a pharyngeal jaw and 
teeth of the Wrasse {Labnu) would aibrd tiie architect a model of a 
dome of unusual strength, and so supported as to reiUeTe from pressure 
tbefloor of a yaulted chamber beneath. Thebaseof thedomeshsped 
tooth is slightly contracted* and is implanted in a shallow circular 
cavity ; the rounded maighi of which is adapted to adrcular groove 
in the contracted part of the base; the margin of the tooth which 
Immediately transmits the pressure of the bone Is strengthened by 
an inwardly prqjecting convex ridge* The masonry of tibis inner 
buttress, and of the dome itself, is composed of hollow columns, every 
one of whi<^ is placed so as best to resist or transmit in the doe di- 
rection the external pressure. The floor of the alveolus is thus re- 
lieved from the offloe (tf sustaining the tooth: it fcnrms, in fact, the 
roof of a lower vault, in which the germ of a successional tooth is in 
course of development : had the crushing tooth in use, rested, as in 
the Wolf-fish, by the whole of its base upon the alveolu8» the sup* 



224 



porting plate gradually undertiiin d by tb*- rrrowth of the new tooth 
must lirive «;iven way ami been i'orced u}m»u tlie. f*ubjiiceiit delicate 
and highly vascular and sensitive matrix of the hulf-furmed UK>tb. 
But the superiueumbent pressure being exclusively sustained by the 
border of the alveolus, whence it is transferred to the wails dividing 
the vaulted cavities containing the geriii:! of the new teeth, the roofs 
of these cavities yield to the absorbent process consequent on the 
growth of the new teeth without materialljr weakeniag the sttwdi* 
ment of the old teeth, and withont the new teeth heing subjected to 
any presBiiie nntU their growth is sniKcieiitly advanced to enable 
them to bear it with safety ; hj this time the sustaining borders of the 
old alyeolns are undemined, and the old worn- down tooth is shed. 

With regard to the snbstanoe of the teeth of fishes^ the modifica- 
tions of dentine^ called Tsao-dentine^ and osteo-dentine*, predominate 
mnch more than in the higher Yertebrata ; and they thus more closdj 
resemble the bones which support them. There Is^ however, great di- 
versity in rcs])crt of nbstance. The teeth of most of the Cbntodonts 
arefleublei eiastic, and composed of a yellowish subtransparent albu- 
minous tissue ; such, likewise, arc the labial teeth of the Helostome, the 
premaxillary and mandibular teeth of the Goniodonts, and of that 
percoid genus thence called Trichoflon. In the Cyclostomcs the teeth 
consist of a denser albuminous substance. The upper pharyngreal 
molar of the Carp consists of a peculiar brown and initran8parent 
tissue, hardened by salts of lime and niarrnesia. 'Uie teeth of the 
Flying-lish i, J:xocfrtt/s), and Suckiug-tish {Hemora)^ consist of osteo- 
dentine. In many fishes, e, (/. the Acanthurus (V, pi. 44. 1.), 
SphyraBna(V, pi. .ju.), and certain Sharks V, pi. 6.), abase, or 

body of' oateodentine is coated by a layer of true dentine, but of un- 
usual hardness, like enamel: in /Vtonodonthishard tbsue predominates. 
In the Diodon the dental plates consist whoUj of hard or nnvascnlar 
dentine. In Sargut and BaUtU* the body of the tooth consists of 
true dentine, and the crown is covered by a thick layer of a denser 
tissue^ developed by a distinct oxgan, and differing from the ' enamel' 
of hightf animals only in the more complicated and organised mode 
of deposition of the earthy salts. The oanfieation of the capsule of 
the complex matrix of these teeth oovos the enamel with a thin 
coating of * cement' In the pharyngeal teeth of the Scarus a fourth 
substance is added by the ossification of the base of the pulp after its 
summit and periphery have been converted into hard dentine ; and 
the teeth, thus composed of cement, enamel, dentine, and osteodeniine 
(V, pi. 52.), are the most complex in regard to their substance (bat 
have yet been discovered in the animal Idngdom. 

* V. Introduction, p. Iziii. 
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The true teeth of all Vertebrates consist, like bone, of an animal 
gelatinous basis, hardened by salts of lime, rnagncsijx, and soda ; tlic 
phosphates of lime ]>redominating. Analyses of the teeth of the Pike, 
Carp, and Shark, will be found in V. pp. Ixiv. and 9. ; and in lxxxv. 

The tubes which convey the capillary vessels throu{z;h the substance 
of the osteo- and vaso-dentine of the teeth of hshes * were early re- 
cognised, on account of their comparatively large size ; as by Andre 
e'ff.j in the teeth of Ac an th k r uSf &nd by Cuvier and Von Bum in the 
teeth of the Wolf-figh and other species, f Lceuwenhoek bad, 
also, detected the much liner tubes of the peripheral dentine of the 
teeth of the Haddock. These *■ dentinal tubuli * are given off from 
the parietes of the ▼ascular canals, and bend, divide, and siibdiTide 
rapidly in the hard bads-tisBne of the interspaces of those canals in 
osteo-dentine (Y. pL 7.) ; the dentinal tnboli alone are found in true 
dentine^ and they have a straighter and more paraDeL course, usuaUy 
at right angles to the outer surface of the dentine (Y* pL 7. and pi. 52. b), 

I give the name ' vaso-dentine ' to that modification of the tissue in 
which Hie vascular canals run nearly parallel with, and equidistant 
£rom, eaeh other, through the nu^or part of the extent of such modified 
dentine ; it is exemplified in the rostral teeth of the Saw-fish, the 
maxillary dental plates of the Ckimara;^ PsammodoniUf mdMyliobates: 
in the latter each metlullary canal and its system of dentinal tubes 
represoits a slender subcylindrical dentide, being separated from the 
contiguous denticles by a thin coat of bone or * cement.' The dense 
covering of the jaws of the Scari consists of a stratum of quite distinct 
prismatic denticles, standinpr vertically to the surfare of the bone. 

* Osteo-dentine* is that tissue in which the medullary canals are 
wavy, irregular, and anastomotic ; in Mammalia it contains the 
Purkingian ci'lls ; in fishes it usually is covered more or less thickly 
by hard dentine. Those conical toeth which, when fully formed, 
consist wholly or in great part of osteodeutine or vasodentine, always 
first appear with an apex of true dentine. In some fislics the 
simple^ccutral basal pulp-cavity of such teeth, instead of breaking up 
into irregular or parallel canals, sends out a series of vertical plates 
irom its periphery, which, when calcified, give a fiuted character to 
the base of the tooth ; {Lepidotieut oxyurw^ ixxxyl pi. fig. 1.) 
Sfnnetimes such radiating vertical basal plates of dentine are wayy 
in their course, and send off narrow processes from thdr sides; an^ 
as a thin layer of the outer capsule interdigitates with the outstanding 

* The vaso-dentine of Ptistit and Myliobaies is like that of the teeth of the Cape 
Antcater ( Oryeteropus} : the vaso-dentine of the Psainmodouta retembles that 
which forms the base of the tooth of the Sloth and Megatherium : the vni^o.dentinc 
of Mammals diflfers from the osteo-dentine in the abseckco of the radiated ' Purkiii- 
gian* cdls. 

t See V. p. ID. 
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plates of the dentinal pulp, and becomes co-calcificd with tlieni, a 
transverse section of such a tooth presents a series of interl)lcnded 
wavy or hil)yrinthic tracts of thick dentine radiating from the centre, 
and of thin ci inent converging towards the centre of the tooth.* An 
analogous but more complicated structure obtains when the ra- 
diating, wavy, vertical plates of dentine dichotomise, and jrive olf 
from their sides, throughout their course, numerous branch plates and 
processes, which are traversed by meduilaiy sinuses and canals with 
their peripheral terminations dilated, and becoming the centres of lobes 
or columns of hard dentine. The transverse sectioii of sach teeth 
gives the appeaxance of branches of » tree^ with leaf-stalka and leavefl, 
radiating irom the central pulp-cavitj to the circumference of the 
tooth ; and I have called the fossil Fidi in which this stmctnxe was 
first detected, J)endroduB^, Thins with reference to the main and 
fundamental tissue of tooth, we find not fewer than six leading modi- 
ficationB in Fishes: hard or trae dentine (Sparoidt, Labroidt, Lo' 
fkni$t BaHiiet, J^fenodmUt, Jnwmodon, S^^ksfma, MegaUohihytj 
Bhizodut, DiodoH ; Searut) ; osteo-dentane {CeHracumf Acrodtis, JLe> 
pidosiren, CtenoduM, SjfbodHi, Pereoids^ Scitenoids^ Cottoidsy Go- 
bioids, and many others); vaso-dentine {Psanmodut, ChutuKroidg, 
J'HiHtiMyliobates) ; plici-dentine {LophiuSy HoloptychivSy Lepidmieui 
ox^urus, at the base of the teeth); labyrintho-dentine {Lepidosteus 
plat^rhinut, Bothriolepis) ; anddendro-dentine {Demlrodus)i besides 
the compound teeth of the Srnrus and Diodori. 

One structural modification may prevail in some tectli, anotlicr in 
other teeth of the r^anie fish ; and two f>r ninre niodilicatious may be 
present in the same tootli, arising Iroiu ciuuige;:! in the proces.-, of 
calcificatiou and a pt i ,-i»iency of portions or processes of the primitive 
vascular pulp or matrix of the dentine. 

As might have been anticipated from tbo discovery of the varied 
and predominating vascular organisation iu tlic teeth of lishes, and 
the passage from non-vascular dentine to vascular dentine in the 
same tooib, the true law of the development of dentine ** by centri- 
petal metamorphosis and calcification of the cells of the pulp/ was 
first definitd J enunciated and illustrated from observations made on 
the development of the teeth of fishes. X 

* This remarkable structure attains iln highest cottiplicaUun and {onus the 
birgMt proportion of the tootli in the gigantic extinct Batrachia, which I 
thence called Labyrintbodonts, and from whicli, therefore, I have taken (ho illus- 
trationH of that cooaplex modilication of dental structure in my " Odontography" 
(pk fifjfc, 64, 64 Of Gib"), 1 hail discovered in 1841 (lxxxth.) the mora simple 
tnodiftctttiun of this structure "at the base of iJic tootli in a few iMshes," hut had 
not then sft n so complex an example in that class as Dr. Wywan (lxxxvi. pi. v. 
fig. 4.) and M. A^ssii{zui. < Saiuroides,* 1S43) subwqueiitly dcmibcd tnd 
figured, ii, K< th of tho }:^cnu5i [.t]>iiln>t<iis. \ cxxvi. pi. u. 

\ In ni) iiuiitcrian Lectures, delivered at the Royal Culkge of Surgeon^ May, 
1 839. See •!«> Likxrai- 184. ; and v. Introdiiclion, and part i. ^osftM. 
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It is intereatiiig to obaem in tluB ckss the process arrested at 
each of the well-marked stages through which the developnient of a 
maamialian tooth passes. In all fishes the first step is the simple 
production of a soft Tascolar papilla fix»m the free snrfaoe of the 
buccal membrane : in Sharks and EEays these papiUn do not proceed 
to sink into the substance of the gum, but are coTcred by caps of an 
opposite free fold of the buccal membrane ; these caps do not contract 
any organic connection with the papilliform matrix, but, as this is 
converted into dental tissue, the tooth is gradually withdrawn from 
the extraneous protecting cap, to take its place and as.Hume the erect 
position on the margin of tlic Jaw (v. pl.o. /f^r/. 1.) Here, therefore, 
ii? rojire-?ented the lirst and transitory 'papillary' stage of dental de- 
velopment in mammals ; and the simple crescentic cartilaginous 
maxillary plate, with the open groove behind eontaininfr tli<' germinal 
papillae of the teeth, offers in the Shark a magnifu d repres* niatiou of 
the earliest condition of the jaw.s an<l teeth in the human embryo. 

In many Fishes, c. 7., Laphius, J^soXy the dental papilhv brcomo 
buried in the membrane from which they rise, and the «urluco to 
which their baaia is attached becomes the bottom of a closed sac : 
but this sac does not become inclosed in the substance of the jaw ; so 
that teeth at dif^nt stages of growth are brought away with the 
thick and soft gum, when it is stripped from the jaw-bone. The final 
fixation of teeth, so formed, is efl^cted by the derelopnient of liga- 
mentous fibres in the submucous tissue between the jaw and the base 
of the tooth, which fibres become the medium of connection between 
those parts, either as elastic ligaments, or by continuous ossification. 
Here^ therefore, is represented the * follicular' stage of the develop- 
ment of a mammalian tooth; but the 'eruptive* stage takes place 
without previous indosnre of the follicle and matrix in the substance 
of the jaw-bone. 

In Batistes, Scarus, Spht/rema, the Sparoids, and many other 
Fishes, the formation of the teeth presents all the usual stages which 
have been observed to succeed each otlier in the dentition of the 
higher vertebrata: the papilla sinks into a follicle, becomes sur- 
rounded by a capsule, and is then included within a closed alveolns of 
the growing jaw, wlicrc the development of the tooth takes phice tind 
is followed hy tlie n-^tinl eruptive Btages. A distinct en:\mel-pulp is 
developed from tlx inn r surface of the capsule in liuiisieSy ScaruSf 
Sarffus, and Chrysophrys. 

In all- Fishes the teeth are shed and renewed, not once only, as in 
Maumials, but Irequently, during the whole course of their lives. 
The maxillary dental plates of Lepidosiren^ and the rostral teeth of 
Priotis (if these modified dernial spines may be so called) are, per- 
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1iaps» the eole examplea of 'permaiieiit teeih' to be met with in the 

whole class. 

When the teeth are developed in alveolar cavities, they are suc- 
ceeded by others in the vertical direction (V. pi, 46»^. 1.) : these owe 
the origin of their matrix to the budding out from the capsule of 
their predecessors of a cflecal process, in which the papillary rudiment 
of the dentinal pulp is developed according to the laws explaitied In 
V (Introdtiction). But, in the preat majority of Fishes, tlic germd 
of the new teeth are dp\ rlopcd, like tlioso of tlie old, from the free 
surface of the buccal membrane throuL'li it the entire period of suc- 
cession ; a circumstance peculiar to the present class. The Angler, 
the Pike, and most of our common Fishes, illustrate this mode of 
dental reproduction : it is very conspicuous* in the Cartilaginous 
Fishes (V. pi. 5, Jiy. i.), in which the whole phalanx of their 
numerous teeth is ever moving slowly forwards in rotatory pro- 
gress over the alveolar border of the jaw, the teeth being saeeesdTely 
cast off as they reach the outer margin, and new teeth rising from the 
mucous membrane behind the rear rank of the phalanx. 

This endless succession and decadence of the teetli, together with 
the vaat numbers in which they often coexist in the same Fish, illus- 
trate the law of Vegetative or Irrelative Bepetition, as it manifests 
itself on the first introduction of new organs in the Animal King- 
dom» under which light we must view the above-deseribed oxganiaed 
and calcified preparatovy instruments of digestion in the lowest class 
of the Vertebrate series. 

AUMBNTABY GaNAL. 

The mouth of Fishes is the common entry and vestibule to both 
the digestive {Jig. 61. if to ft) and the respiratory (ib. t, u) organs ; it 
is, therefore, of great capacity: and, as the transmission of the food 
to the stomach, and of the respiratory currents to the gills, is per- 
formed by similar acts of deglutition, the bony arches whidi surround 
tiie mouth arc not only large, but are complicated by a mechanism 
for regulating the transit of the nutritious and oxygenating media, 
each to their respective localities. The brauchial dits are provided 
with denticles and sieve-like plates or processes to prevent the 
entry of food into the interspnees of the gills, and the branchial out- 
lets are guarded by valves which reciprocally prevent the regurgita- 
tion of the respiratory streams back into the mouth. 

The necessary co-operation of the jaws with the h}'oid arch in the 
rythmical movements of respiration in incompatible with protracted 
maxilliiry mastication ; and, accordingly, the branchial ajjpanitus 
renders u coinix'nsntory return by «5ivinjr np, as it wore, the last pair 
of itii arciiea to the completion of the work which the proper or 
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anterior jaws were compelled by their services to respiration to leave 
unfinished : and thus the mouth of typical fishes is cloBed at both 
ends by dentigcrous jaws. 

The first portal to the alimentary tract is usually formed by the 
upper and lower jaws (Jig. 61. a, b), and their teeth; the Gym- 
nodonts*, are so called on account of their conspicuous manifestation 
ot thitj eliaracter. But in some Fishes the arched and fortified barrier 
IS preceded by a fosse inclosed by fleshy lips : the whole gtnuB Labrus 
owes its name to this pcculianiy ; the CMi>-iiibe {Ct/prinidcE) also 
have it ; and, in some of them, the labial organs are developed to ex- 
cess, as, for example, in the genus thence termedLiAeobarbuSf in which 
the lips are not only unusually tbiek and fleshy, but the lower one is 
produced downwards like a pointed beard. The labiated Fishes 
hare not, however, so distinct a * sphincter oris ' as Mammals. Many 
Fishes, especially those of the pyprinoid and Siloroid fiunilies^ 
have fleshy and sensitive barbs or tentacles in the vicinity of the 
mouth, and subservient to its functions ; those of the Siloroids being 
supported by bonj or gristly stems. Tentacles depend from the 
rostral prolongation of the Sturgeon, and from the mandibular sym- 
physis of the Ck>d. The Lepidosiren and Cod have fringed processes 
or filaments between the teeth and lips, which seem designed to 
assist in t<^6ting and selecting the food. Mr. Couch f narrates an in* 
stance of a large Cod, in good condition, taken on a line at Polperro^ 
Cornwall, in which the orbits contained no eyeballs, but were covered 
with an opake reticulated skin. So that he felt convinced that " eyes 
never hud existed ; " yet tlie fish was in L'ood condition, and must 
have depended on the tactile organs about the mouth for the discovery 
of its food. 

The edentulous Sturgeon is compensated by a produced cartila- 
ginous snout, with which it upturns the mud in quest ot tood at the 
bottom of the rivers it frequents. The allied SpatulariOy in which a 
minutely shaj^repned surface on the jaws represents the whole dental 
system, has liad the force of development of subsidiary or^^ans of ah'- 
mcntation expended in the production of the still more remarkable 
rostrum (Jig. 61. y.), which is broad and flat, like the mandible of a 
spoonbill, and is more than half the length of the entire body. 

The conical lip of the suctorial Myxinoids sends off from its ante- 
rior expanded border six or eight long tentacnia : the inner surface of 
the lips is beset with short branched tentacles in the Ammocete : 
the Laneelet has more simple^ but highly vascular intrarbuccal 
processes {fig, 46. g g), and the vertically fissured aperture of its 
month is provided on each side with a series of long slender jointed 

* Gr. yitmitos, uncuvervU ; odout, tuulti. f xcviii. p. 72. 
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and ciliated tentacula, (ib./^/), which mainly tend, hj the per- 
petual Tortox they cause in the Borrounding water, to bring the ani- 
malcnlar aatriment within the grasp of the pharynx (pA). There 
is no tongue in this rudimentary fish ; that organ ie often absent or 
very small in the typical members of the Class ; its baais, the gloeso- 
hyal, when it projects at all into the month, as in^* 61. c, is rarely 
covered by integuments so organised as to suggest tiieir being en- 
dowed with the sense of taste ; they are generally callous, and cither 
smooth and devoid of papillie^ or, if the representatives of these be 
present, they are calcified and the tongue is beset with teeth* The 
integuments of the palate, Iiowever, not unfrequently present that 
degree of yascularity and supply of nerves which indicate some 
selective sense, analogous to taste. In the Cyprinoids the palate is 
cushioned with a thick soft vascular substance, exiidiiif^ mucus by 
numerous minute pore?, but more rcraarkaV»le for its irritable creetilc 
or contractile property * : if you prick uuy part of this in a live Carp, 
the part rises immediately into a cone, which slowly subsides ; this 
peculiar ti<j?ue i«« riehly sup|)lied by branches of the glosso-pharyniroal 
nerves : it may assist in the requisite movements ot' the veirt tultlc 
food, as Avell as a<ld to it an aniraalisins: and solvent mueus, whilst 
it is undergoing mastication by the ])haryngeal teeth. In the Gym- 
notus there are four series of braiiehcd tieshy processes iu the 
moutli, one upon the dorsum of the tonerue, a second depending from 
the palate, and one along each side of the mouth. The reddish vas- 
cular body, discovered by Retzius f between the bosi-branchials and the 
stemo-hyoid musdes in Cartilaginous Fishes, and which exists also in 
Gadus, SalmOf and some other Osseous Fishes, has been «>mpaied 
to a sublingual salivary gland : but it is a 'vaso-ganglion and its 
homology with the thyroid, indicated by Mr. Simon }, is a truer view 
of its nature. The only other representatives of a salivary system in 
fishes are the mucous follicles that communicate with the mouth. 
There are neither tonsils nor velum palati in Fishes : the folds of 
membrane behind the upper and lower jaws, of which 'internal lips ' 
the Sword-fish and Dory afford good examples, seem intended to 
prevent the reflux of the respiratory streams of water rather than the 
escape of food from the mouth. In the Lepidosiren these folds or 
inner lips are papillose and glandular. 

In the aberrant Dermopteti and Flagiostomif at tlie two ex- 
tremes of the Class, in which there are numerous branchial apertures 
on each side, and the respiratory streams do not necessarily enter by 
the mouth, \\\o last pair of branchial arches are not metamorphosed 
into pharyngeal jaws, and the entry to the guUetis simply constricted 

• t cmx. \ civi. p. 30a 
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by a sphincter ; in the Lepidosiren it is Airthor defended by a soft 

Talvular fold like an epiglottis.* 

The alimentiiry canal is usually short, simple, but capacious in 
fisiies; in a few instances, c. y. Branchiostoma ( fiy. p/i, as), 
Myzinoids (XXI. Is eiirologie, tab. iii. 6.), Exoct tus, Lcpidosinii 
(xxxiii. pi. 25.), it *'xten(ls in almost a straight line from the pliarynx 
to the anuii: but it is generally disposed in folds and sometimes in 
numerous convolutions. It is primarily divided into a gastric and 
ail intestitiiil ^(ortion by the eonstrietion called 'pylorus.' T'he 
gastric portion is subdivided into '(esophagus' and 'stomaeli,' the 
boundary line being more commonly indicated by a cluinge of struc- 
ture of tbe lining membrane than by a cardiac constriction ; the in- 
testinal portion is subdivided into a < small ' and a ' large intestine ; * 
the ktter osaallj answering to the 'intestiniun reetain,' and the 
boundary, when well defined, being a constiietion and an internal 
valvular fold ; but very rarely marked by an extemsl caeum. 

The alimentaiy canal is situated wholly or in part in the abdominal 
cavity, to the trails of which it is usually suspended by mesogastric 
and mesenteric duplicatures of the peritoneal lining membrane of the 
abdomen. YHtm not wholly so situated, the extra-abdominal part 
is not contained in a thoracic ^vision of the cavity, but extends 
beycmd the peritoneal region into the muscular mass of the tail; a 
portion of the intestines, for example, lies between the right myo- 
oominata and the haemal spines in the Sole. The peritoneal serous 
membrane^ which defines the abdominal cavity, extends anteriorly to 
the pericardium, from which it is separated by a double aponeurotic 
septum (Jir/. 61. o) : it is continued along the back over the ventral 
surface of the kidneys and the air-bladder, when this exists, a httle 
way beyond the anus, and is rellected upon the alimentary canal, 
(ib. </. t), the liver (/ /), the spleen tlie pancreas (A), or its 
csecal rudiments, the ovaria or testes, and the urinary bhidder, if 
this be present. In many fislies the peritoneum does not lorm a shut 
sac, but communicates with the external surface, hy one {Ilranchios- 
(omrt, fiff. 46. wl, L( pidosircn,, XXXIII. pL 2). //V/. I. «), or two 
(Lauiprey, Jig. 74. /, Eel, Salmon, Sturgeon, i'lunirostra, C'himaru, 
and rUigiostomes, Jiys. 73. and 7»>. /), orifices, situated, except in the 
Lancelet, in or near the cloaca. The peritoneal orifices give exit to 
the generative products (milt or roe) in the Lancelet, Myxinoids, 
Lsmpreys, M orsmidfl^ and Salmonids^ but not in the Lepidosiren and 
Plagiostomes. In the MyzinoidB, the Ammocetes, the Sturgeon, the 
Chimnrtt and the Plagiostomes, the peritoneum communicates also 
with the pericardium, f 

* xxxiu. p. 342. &g>j.d. f LXix. p). 8. 
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"We have seen that the jaws and mouth are subservient to the 
respiratory as well as the digestive functions; h\it in the lowest ut 
fishes, Tiz, the Lnncelet, this community ot oliiees extends tlirough 
the wlioh^ cesophageal and seemingly gastric part of the alimentary 
canal, which is dilated into a capacious sac, and is richly provided 
witli branchial vessels and vibratile cilia arranged in transverse linear 
scries, like those in the respiratory pharynx of Ascidians (the 
arrow a extends from the pharynx into the intestine in Jig. 46.) : 
the oesophageal portion of the alimentary canal is here seen to be 
longer than the whole gastric aad intestinal portions. In the Myxi- 
noids lateral diverticula are deriyed from the ceaophagus and me- 
tamorpbofled into special roBpiratory aacfly commumcating by narrow 
canals both with the cesopbagus and with the external surface 
(^.66y/, m.) : in other fishes the respiratory apparatus is more eon- 
oentrated and brought more forwards, so as to coBunumcate with the 
pharynx, and to leare the CBaophagns free fortheezdusiTe transmis- 
non of food to the stomach. 

The oesophagus {Jtg, 61, is usually a short and wide fimnel- 
shaped canal with a thick muscular coat and a smooth epithelial 
lining, more or less longitudinally folded to admit of increased 
capacity for the d^lutition of the often un masticated or un- 
divided food. The muscular fibres are arranged in different fasciculi, 
the outer ones being usually circular, the inner ones longitudinal. 
Some fasciculi from the abdominal vertebra) arc attached to the 
ocsopliiigus in the Cofhts scnrpins (xcix.). Tlie cardiac half of the 
n8s«»phagus is cliaraeteriscd by increasing widtli in most Cypnnidtc^ 
and by a more vaseuhiror otherwise modified texture in the Pharyti' 
ffofjnathi, Lopho-branchiiy the Gobioids, Bh^nnies, Flying-fisli, Gar- 
fish, and some others. The inner surface of tlie oesophagus seatls oil 
short processes, papilUform la //or and Ctfsto, obtuse in Acipeuser, 
(prep. 463.), hard and ahnost tooth-like in Rhombus jrnithuruSf 
Stromatteus Jiatola, and TetrugoHurus or the kcel-tailed Mullet. 
The inner surface of the gullet presents longitudinal pa|)illosc ridges 
in FUtmrottrtii* But the most striking peculiarities of the oesophagus 
are met with in the Plagiostomes. A layer of grey parenchymatous 
substance is interposed between the muscular and inner coats at ihe 
cardiac half of the «sophagus in the Torpedo, Numerous pyramidal 
retroverted processes, jagged or fringed at their extremity, project 
from the inner surface of the cesophagus in the Dog-fish {Spinax 
aeamihUu (prep. 664.). In the great Basking Shark {Sdaeke) the 
homologous processes^ near the cardia, acquire unusual length, divid- 
ing and subdividing as they extend inwards, so tliat the cardiac 
opening is surrounded by ramified tufls directed towards the stomach. 
Tliis valvular mechanism (prep. 464. a)^ seems intended to prevent 
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the return of auoh fishes or mollusks as may have been swallowed 
alive and uninjured by the smaU obtuse teeth (^f this great Shark. 
In many Osseous Fishes we may, finally, notice the communication 
of the * ductus pneumaticus ' with the opsophagus, usually by a small 
simple foramen ; but provided with sj)ecial muscle? in the Lepidosteus, 
where it opens u\K>n the dorsal aspect of the ajsophagus, and with a 
sphincter and cartihige in the Polypterus, and Lepidosiren, where 
it commuuicate« like a true glottis with the ventral surface of 
the beginning of the ojsophagus. In the Globe-lishos (I)iodon, 
Tetrmlou ) tJie great air-sac seems to be a more direct tlcvelopnicnt, 
as a ('111 (le sac, of the ccsophagiH (prep. 2095.). These singular lishes 
blow thcniselvo?* up by swalhjwing the air, which escapes through a 
large anterior oblique orifice into the sac : and this again comnumi- 
cates with the fore-part of the oesophagus by a second orifice much 
smaller than the first, and luiving a tumid valvular margin. * 

The eardiae orifloe of the stomach is occasionally defined by a oon- 
Btrictioa, as in the Planirostra {fig. 61. e), and Hormyrus {Jig. 63. e) : 
bnt an inereaaed ezpanrion with increased Tascularity and a more 
delicate epithelial lining of the mncous membrane more nsually in- 
dicate^ in Fishes, the beginning of the digestiye cavity. The stomach 
is a simple and oonmionly an ample cavity, with a great disproportion 
in the diameters of the cardiac and pyloric orifices ; in the Cornish 
Porbeagle-Shark, for example, the cardiac entry win readily admit a 
child's head, whilst the pyloric outlet will barely allow of the passage 
of a crow-quilL 

There are two predominant forms of the stomach in Fishesi, viz. the 
* siphonal'and the * caecal ;' in the first it pn sents tlie form of a bent 
tube or canal, as in the specimensf from the Turbot, Flounder, Sole^, 
Cod, Haddock, Salmon, Carp, Tencli, Ide, Lump-fish, Lepidosteu^ 
Sturgeon, Paddle-fish ^fig. 61. e, /), and most Plagiostomes ; in the 




OltMOffOrtimimttlm. Ptaolroitim. 

second form the cardiac division of the stomach terminates in a blind 



• nvi. t.iii. p. 271. pi. 47. 

f Uefeience was made to preparatioos or ri>ccnt dissections oq the lecture, 
table. 
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sac and the sliort j)yl(>ric portion is continued IVom its right side, as 
in the Perch, the Scorpccna, the Gurnards, the Bull-heads, the Smelts, 
the Angler, the Pike, the Lucio-perca, the Sword-iish, the Silurus, 
the Herring, and Pilchard, tho Conger, the Mursena, and the Poljp- 
tertu {fig. 62). A transitional form, in which tbe pjdoric end is 

bent 80 abruptly upon die etrdlac as to make the 
cecal elisraeter of the latter doubtful, U presented 
by the short and ca{»acioiis sttmiach of the Bur- 
bot, the Blenny, and the Gymnotus. In the Hor- 
myms the stomach presents the rare form of a 
globular sac (/C7.63.«). Where the cteeal cha- 
/ £ j racier is well marked the 
|/ B I length of the blind end of 

I / B I the cardia varies consider- 

II i ably; in the Pdypterus, 
Conger, and Swofdifish it 
forms ahnost the whole of ^-^^^^^^ : 

Poiyptenu. the elongated stomachy tiie 
short pyloric portion being continued from near its commencement ; in 
the equally elongated stomach of the Pike, the pyloric portidTi conti- 
nued from the cardiac sac at a little distance from its blind end ; the 
HeiTinir, Gurnard, and Scorpcena siiow an intermediate pixition <»f the 
pyloric portion, and tliis is usually attended \vitl\ a shorter and wider 
form of the cardiac ( a cinu. The pyloric ])ortion is usually slender 
and conical ; but it dilates into a wide sac in Sorffus imd Lop/iius ; 
and forms a f^mall oval pouch in Tracht/ptt riis. In certain fishes the 
stoniarh deviates from the typical lorms either into the extreme of 
simplicity or the converse, without, however, attainin;^; in any species 
that degree of com]»lexity which we shall find in the higher organised 
Yertebrata. A proper gastric compartment of the alimentary canal 
cannot be said to exist ioL the Lanedet; the long c^cum (/^.46. hd, 
t) continued from it just beyond the cardia appears to be a simple 
form of liyer. In the higher Dermopteri, as the Sand-prides^ the 
Myzines, and the Lampreys, as also in CobUii and Lepidornn, the 
stomach is continued straight from the CBSophagos to the intes- 
tine. I have found the capacious cardiac diyision of the stomach 
of the Lophius partially divided into two sacs ; the unusually wide 
and short pyloric portion forming a thud sac : there may also be ob- 
seryed afew obtuse processes from the inner side of the cardia in this 
fish. In the Gillaroo Tront the ascending or pyloric half of the bent 
or siphonal stomach has its muscular parietcs unusually thickened, 
by which it is enabled to bruise the shells of the small fluviatile testa- 
ccans that abound in the streams in which this Tariety of trout is 
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peculiar.* The pyloric portion of the stomach is Tvy muscular in 
the Indian Whitinfj^ {Johnius\ and in some species of Scomber: 
but the minlilicatiun which gives the stomach the true character of a 
gizzard is best seen in the Mullets {MnijU), The cardiac portion here 
forms alonq; cul de sac ; the pyloric part is continued from X\\v cardiac 
end of this at right angles, and is of a conical iigure cxteriiaily; but 
the cavity within is reduced almost to a linear fissure by tho ereat 
development of the muscular parietes, which are an inch tlii \\\ the 
base of the cone ; and thi.s part is lined by a thick horny t:i>iiliclium 
(prep. 502). In the Herring the ductus pncuniaticus of the swim- 
bladder is continued from the attenuated extremity of the eardic end 
of the stomach. In the Basking -shark the contracted pyloric division 
of the stomach (Jig* 65./) communicates by a narrow aperture with 
a second small rounded ca?itj which opens by a narrow pyloms 
into the short and capacious duodNium (ff). 

These are the obserred extremes of the modifications of the sto- 
mach in Fishes, which it wiU be seen, therefore^ are far firom accord- 
ing or parallelising those of the dental system. There is often, in- 
deed, no essential difference of form in the stomach of a fish with 
exdusivelj hmiary teeth, «. ^. the canuvorous Salmon, and in ihat of 
one with ezdualTely molar teeth, e. g, the herbiTorous Carp. The 
.^tobates, whose teeth form a crushing paTement, has a stomach 
similar in shape and size to that in the common Bay, in which every 
tooth is conical and sharp pointed. 

The inner surface of the stomach presents few modifications in 
Fishes ; it is usually smooth ; rarely reticulate, as in the Gymnotus 
(prep. 500.) ; still more rarely papillose. The lining membrane is 
thrown into wavy longitudinal rngvc in the cardiac portion of the 
stomach of most Sharks. The gastric follicles arn e(»nspicuous, 
especially in the pyloric portion of the stomach in many Fishes, as, 
e. f/.y the Gurnards, Blennies, and Lump-suckers. The circular py- 
loric valve is commonly well developed and has sometimes a fim- 
briatecl margin. The solvent power of the gastric secretion is 
conspicuously exemplified in Fishes: if a voracious species be cap- 
tured after having swallowed its prey, the part lodged in the stomach 
is usually found more or less dissolved, whilst that which is in the 
ccsopbagus is entire ; and, in specimens dissected some hours after 
death, one may obsenrcb what Hunter so well describes, ** the di- 
gesting part of the stomach itself reduced to the same dissolved 
state as the digested part of the food.^f surrender of the 

dead membranes of the stomach to the solvent pow^ of the pre- 
viously secreted gastric juice is well exemplified in the preparation 
of the Shark's stomach, N. 507. n. 

• J. Hunter, xcii. p. 12C. f xcii. p. 120. 
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TIw miueulftr action of a B8h*g atomftch connate of Tonnictilnr 
contraetiona^ creeping alowly in eontinuoua snoceanon from the cardin 
to the pjlorua ; and impreaaing a two-fold gyratoiy motion on the 
contente : 00 that, while a(wne portions are proceeding to the pylonu^ 
other ]>ortiong are retnmiog towarda the cardia. More direct con" 
strict! ve and dilative movements occur, with intervals of repoec^ aft 
both the orifices, tlic vital contraction being antagonised by preaaure 
from within. The pylorus has the power, very evidently, of con- 
trolling that pressure, and only portions of completely eomminuted 
nnd digested food (chyme) arc permitted to pa?? into the intestine. 
The cardiac orilice appears to have less control over the contents of 
the stomach ; coarser portions of the food from time to time rHum 
into the ujsophagus, and are brought again within tlie .sphere of tlit' 
pliaryiigeal javvfs, and subjected to their inasticutory and eommi- 
nutin!]j operations. The fishes which afford the best evidence uf 
this rumuiuiing uctiun are the Cyprinoids, (Carj), Tencli, Bream,) 
caught after they have fed voraciously on the ground-bait previously 
laid in their feeding haunts to ensure the angler good spurt. A Carp 
in this predicament, laid open, shows well and long the peristaltic 
movementa of the alimentary canal ; and the successive regurgitationa 
of the gaatric contente produce actiona of the pharyngeal jawa aa 
the half-bmiaed grains come into contact with them» and exdte the 
eingular tumefactioB and subaidenoe of the irritable palate, aa porfciona 
of the regurgitated food are pressed upon it. The Ed ia, also, a 
good aubject for atudying the movemento of the atomach $ and, 
besides at the cardiac and pyloric orifices* the direct oonatrictive 
action of the dreular fibres may be seen in this fish at the beginning 
of the short pyloric division i regulating the paasage of the food from 
the long cardiac sac. These observationa throw light on tibe fnnctiona 
of the pharyngeal teeth in the predatory Fiahes, (the Pike, for ex- 
ample,) in which one sometimea finda a recently awallowed fiah in the 
stomach : it may show, for example, a few marks of the large mandi- 
bular canine teeth ; but it has undergone no sub>division by the 
pharyngeal rasp-teeth. It would seem, at first sight, that these took 
no other part in the mechanical operations of digestion, than to aid 
in the act of swallowing: the analojry, however, of the ruminant or 
regurgitant function of the stomach of the C'ai ]), suggests that the 
pharyngeal teeth take a more important share in digestion, and 
indicates the nature of their operations. As the gelatinou?j integu- 
ments and intermuscular aponeuroses of the swallowed lisli arc dis- 
solved by the gastric juice, massc:^ of the myocommata become 
iletached, and these librous portions are most probably carried hy 
the regurgitating power of the stomach to the pharyngeal teeth. 
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are there eanled and eonnninuted, and again swallowed, to V)e re- 
duced to eliymons pulp by the solvent power of the er^-tioiis and 
hj the continuous grinding; pressure oi tlie spiral movements ot the 
gastric porietes. It is highly probable, therefore, that the shortness 
and width of the ccsophagus, the masticatory mechanism at its com^ 
mencenient, and its direct terminal coniinuution with the eardiao 
portion of the stoiiuieli, relate to the combination of an act analogous 
to rumination, with the ordinary processes of digestion, in all Fislies 
poraessing those concatenated and peculiar BtructnreB. For it will 
be seen tbat the Fishes, as, for example, the Sturgeon, theEaddle-fisb, 
the Dog-fiah, and the Selache, whose oesophagus is best organised 
to prevent regurgitation from the stomach, are devoid of the pharyn- 
geal jaws and teeth. 

Fishes 'dlifgoige the shells and other indigestible parts of their 
food : and it is known to practised anglers that Fisbee, when hooked 
or netted^ often mpty their stomach by an instinctive act of fear, or 
to facilitate eecape by lightening their load.* 

Tlie intestinal canal is shorter in Fi^es generally than in the liighcr 
Vertebrata: in theDermopteri, Plagiostomes, HolocephalijSturionidaa 
(sec the Paddle-fish, /^v. Gl ./ to i)^ theLepidosiren (xxxm. pi. 25. Jiffs. 
1 and 2.), the Flying-lish, the Loach, the Gar-pike, the Wolf-fisli, tlio 
Salmon, the Herring, and the apodal fishes, it is shorter than the body 
itself : in some of the above-oited examples, the intestine extends in a 
straight line from the pylorus to the anus {^g. 46. i) ; in most fishes 
it present!* two or three foUls ; it is sinuous in the Sword-fish ; coneen- 
trically and siibspirally wound in the Mullet, in which the convolu- 
tions are numerous and form a triangular mass; and it is in this 
fucivorous fish, iu the ChuitoUouts, and the Carp-tribe, that the intes- 
tinal eanal attains its greatest length in the pn scnt class. 

With a few exceptions, of which the Dermopteri and the Lepido- 
siren are examples, the intestines are divided into * small' and * large.* 
The beginning of the small intestine, to which is arbitrarily given 
the name of < duodenum' (Jig. 61. i) is nsuaUy wider than the rest 
of that division of the canal : it receives the ducts of the liver and 
pancreas^ the latter accessory organ presenting, in most Osseous 
Fishes, the elementary form of simple csBca {Jig, 63. k), which are 
usually termed, from tiieir communication with, or development from, 
the commencement of the small intestine^ * appendices pyloric^.* The 
termination of the small intestine is commonly marked by a circular 

• A lu'ttt d Solmun is generally found with an empty stomach ; whence It has been 
siippf>si><l, Dotwithstanding its extraordinary array of teeth, that its staple food con- 
fiUunl of [ I ch animalcules as are alone, under those circumsUuieeii discovemble in tbo 

giibtnc mucus. 
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valve. In the Bogue-brcam (Box vulgaris) and the Flounder there 
IB ft small csecal process at the commencement of the larpc intestine ; 
there are two short cteca at the same part in Box Solpa* The large 
intestine is usually short and straight in Fishes, answering to thr 
rectum of higher nnimnl?. In some Fishes, e. ff., Salmoj Clffjxa, 
EsoT, Anableps, Anarrhuhus^ and the Gymnodonts, it preserves the 
same diameter as the small intestine, and the term * large,' becoiutrs 
arbitrary: in some fishes, e.g,y GasterosteuSj Cenirisctts, Ostranou, 
BalisteSy and Si/nr/nathis, it is even narrower than tlic ' small in- 
testine ;* but most commonly it is wider, as in the Percoid iaiuily, the 
Guruaids {Triglidm)y the Breams {Sparidcc\ Sciamay Scomber^ 
CotiuSf Litbrust I^euronectes, Gadus, Lophius, CyclopteruSy the 
SUmi^ the FiagioHomii and tlie FkmiroHra (ib. A). 

The tunica of the intestinal canal consist in Fisbefly as in other Ver- 
tebratesy of the peritonesl or serous, the muscular, and the mucous coats, 
with thdr intenrening cellular connecting layers, and the epithelial 
lining ; the muscular and mucous coats are commonly thicker and of 
a coarser character than in the warm-blooded classes ; pigmental ceUa 
are not unfrequ^flj deTCloped in the serous coat; the ^ithelial 
scales of the intestine of the l4uicelet support ▼ibratile cilia. 

The muscular fibres are arranged in a thin outer longitudinal and 
a thick inner circular stratum (see preps. 637. €39. iiom the 
Sturgeon); the elementary fibres in general present the smooth 
character of those of the involuntary systmn; but Reiehertt has 
detected the transversely striated fibre in the muscular tunic of the 
wliole tract of the intestine in the Tench. 

The mucous membrane presents numerous modifications, some of 
them more complex and ri-markable than in any of the hifrhcr Verte- 
brates. It is commonly thick and glandular, and always highly 
vascular. In the small intestines it presents, in some Fishes (Cod, 
prep. 633.\ a smuolh and even surface; in some it is produced into 
oMi(piely longitudinal or wavy folds (Turbot, i)rep. G34., Salmon, 
prep. C35.) ; in the Herrinor it presents f*'eble transverse rugae ; in 
many Fishes it is reticulate, as in the Wolf- fish (prep. G-'il.) and 
3/Mr<»«fl (prep. 630.); this character is present in the peculiarly thick 
and parenchymatoid mucous tunic of the small intestine of the Stur- 
geon, where the larger meshes include irregular spaces, subdivided 
into smaller cells (prep. 638.). In a few Fishes the mucous membrane 
is coarsely yillose or papillose. There is often a well-marked dif- 
ference in the character of the lining membrane of the small and 
laige intestine: thus, in the Salmon, the rugn become fewer, laiger, 

• xxwau t vi. pp. 624. 270. f xciil p. 86. 
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aud less oblique as they approach the rectum ; the commencement of 
this intestine is marked by a large transverse fold or circular valve, 
which is succeeded by several others less produced, aud resembling 
the valvula} conniventes in the human jejunum. The straight 'large iu- 
teiftine,' which is relatively longer in the Amia, Polypterus, Taddle-fish 
{Jt^. 61.), Sturgeon, and Chinian-a^, is characterised by tlie continuity 
of such transverse folds as tliose in the Salmon, producing an unin- 
terrupted spiral valve of the mucous membrane. In the Lepidosiren 
the entire tract of the straight and ^liort intestine is traversed by 
this peculiarly piscine extension of the inner coat.* The spiral 
valve characterises the large intestine in all the Plagiostomes, and 
eatabliaheB the essential difference between the short and apparently 
flimple intestixial canal of these cartilaginous fishes* and that of the 
hiw-ot^ganised Mjxinoid species. 

The true homologue of the small intestine is extremely short in 
the Plagiosfeomes ; it is narrow in the Bays^ expanded and sometimes 
sacciform {fig* 65. g) in the Shariu» where it seems to form the com- 
«« mencement of the snddenlj expanded large intestine : this is straight* 
and though constituting the chief extent of the intestinal canal, it is 
▼eiy short in proportion to the body ; not exceeding, for exampICi 
one eighth <^ the entire length of the body in the Alopecias or Fox- 
shark. The economy of space in the abdominal cavity f is* howeveTi 
effected at the expense of the serous and muscular coats, not of the 
mucous membrane. The required extent of secreting and absorbing 
superficies is gained by raising or drawing inwards, from the intestinal 
parietes, the mucous membrane in a broad fold at the beginninf? of 
tiiC large intestine, and continuing it in spii'al volutions to near tlic 
anus. The coils may be either longitudinal and wound vertically 
about the axis of the intestinal cylinder, or they may be transverse 
to that axis. In tlie first ease, when the gut is slit open lengthwise, 
the whole extent ol the fold may be uneoiled and spread out as a 
broad sheet ; and, if the gut be divided transversely, the cut edges of 
the valve present a spiral disposition, as m Jig. 64. The llunterian 
preparation (No. 645.) shows thu longitudinal form 
of the spiral valve j us it may be seen, also, in the 
squaloid genera (UtreharkUf ScoHodon, Galeoeerdo^ 
T%ala§8orhiimUi and Zifgmna,% In the second and 

more common modification, the fold of mucous mem- ^'''''DuvLrnoyf'^* 
brane is disposed in dose transverse coils, as shown in 
the longitudinal section of the Sdache's gut {Jiff.65.h.)i and a trans- 
verse section exposes only the flat surface of one of the coils. Prep. 

* xxxiiL p. .M3. |>1. 2.'. C\rr. 2. f Iloget, c. iLp. S05. 

% XLvi. t. iv. p. 314. i %, xcvi. p. 277. pi. 2 and 3. 
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652. A, shows a typical example of this disposition of the mucous 

membrane in the Fox-shark {Alo' 
pku Vulpes); the valve describes 
thiily-firar dretungyratioiis within 
seyen inches extent of the intes- 
tine ; the mucous memtoue is mi- 
nutely honej-oombed: a few scat, 
tered fibres of elastic or involuntary 
musenlar tissue may be traced in 
the vssculo-cellular layer included 
within the mucous fold, and they 
form a slender band within the free 
border of the valv e, retaining much 
elasticity in the dead intestine, and 
drawinij that border into festoons. 
Besides Selache and Alopiasy the 
spiral valve is transverse in Galeiis, Lamna, and all the Dog-fislios 
{ScylliUlfp and Sptnacidtp). The trunk of the veins of the longitudi- 
nally convohitctl valve runs ttlong its free thickened border, and 
quits its commencement to join the vena portaj*: that of the 
transversely spiral valve is external to the gut. 

One may connect the peculiarity of the spiral valve with the 
necessity for reducing the mass and weiglit of the abdominal contents 
in till active high-swimming Sliarks, wliich have no s\vim-bh\ddcr ; the 
cs.scntial part of an intestine being its secerning and absorbing surface, 
we see in them tiie requisite extent of the vasculo-mucous membrane 
packed in the smallest compass and associated with the least possible 
quantity of accessary muscular and serous tunics by the modifications 
above described. Analogous ones exists however, in other Phigi- 
ostomes, and in the Lamprey, to which the above physiological ex- 
planation will not apply ; and the spiral valve is associated with the 
air-bladder in some of the highly organised Ganoids, and in the 
LepidoBuren. Nevertheless, it is to be remarked that the intestinal 
canal is shortest, and the spiral valve most complex and extensive^ in 
tlie Sharks. In both these, and the Rays, the valve subsides at a 
short distance from the anus ; and into the bade part of this terminal 
portion of the rectum an elongated ccecal process with a glandular inner 
surface opens (/</. 75. t). The anus itself communicates with the fore- 
part of a large cloacal cavity in the Plagiostomes. In other Fishes, 
where it opens distinctly upon or near the external surface, it is 
auterior in position to the orifices of oviducts, or sperm-ducts, and 



• DuTcnioy, xen. p. 874. pL la 
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of the uternsor urinary bladder; the Lepidoeiren baa the pecutiarlj 
ichthyic aRangement of the anal, genital, and nrinal outlets.* 

In the Dermopteri the intestinal canal is pretty closely attached to 
the back of the abdomen, tliough the primitiTely continuous mesen- 
teric fold becomes reduced in the Lampreys to filamentary processes 
accompanying the mesenteric vessels. Kathk^ has observed a similar 
Diptnmorphosis of the mesentery in the Syngnathi and Cyprinidaj 
into detached membranous bands. The mesentery is entire in the 
Lopidosiren, the Plagiostomes, and many other fishes : it is usually 
single and continuous from t?io stomach to the ond of the intestine : 
there nro two pi\r|iUel mesogaistries in the Eel, and a kind of omental 
accumulation of adipose matter is sometimes found along the ventral 
surface of the intestines : a second mesentery is continued from this 
part of the intestine to the ventral parietes of the abdomen in the 
Mura'na. 

The position of the eluaeal outlet varies much in fishes : in some of 
the jugular spwics it follows the ventral lius to the region of the throat j 
and, in the apodal Gjmnotus, it is placed so far forwards as to remind 
US of the position of the excretory outlet in the Gephalopods. It is 
beneath the pect<»als In the Amblyopsis spetmu$ : but the more normal 
posterior position of the vent obtains in most abdominal and all car* 
tilaginous fishes. 

Petrified fieces or * ooprolitea * give some insight into the sfroeture 
of the intestinal canal in extinct spedes of fishes: some that have 
been found in the skeleton of the abdomen of the great Mturcpoma 
of the Kentish Chalk, and detached coproliten wwsoeiated with the 
scales and bones of the more ancient MegaHehiht/s, indicate by their 
exterior spiral grooves that these ancient Ganoids, like their mod^n 
representatiTe, the Polypterui, possessed the spiral valve. 

The liver makes its first appearance in the lowest vertebrated, aa 
in the lowest articulated species, under the form of a simple ctccal 
production from the common alimentary canal : commencing in the 
Lancelet f /?//. 46. hff), a little beyond the orifice pt/, the hepatic 
cjrcnm (V) extends f<irward8 by the side of the eiliated respiratory 
sae, whieh appears to be the homologue of the long a soplnigus with 
the attached marsipo-branchial organs of the Lainj>re} s, but which 
some may view as representing tlie -tmiiarli ot liiL'fier fishes*. As 
the true digestive function, licwever. taanoL he supposed to begin 
until the food has entered the cunul li, the place of eomnnmiention 
of the rudimental liver corresponds iu the Lancelet w ith ihut iu the 

* xxxin. pi. 25. fig. '1, m, », o, I The BranchioBiotna olft'ra no exception to ttai* 
rule : the openhig, hj which the ova and semen are expelled, it a common peritonoul 

outlet. 
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lower organised MoUuaks; other members of the Piscine class do 
not show by permanent structures the gradational steps in the develop- 
ment of the hepatic, as in that of the pancreatic gland. Passing to 
the Myxinoids we find the liver to be, as in all hi<jhcr fishes, a well- 
defined conglomerate, or acinous parenchymatoid organ, >vitha p(»rtal 
and an arterial circulation, with hepatic ducts, and geiK i iiHy n umU- 
bladilcr and cystic duct, by which tlic bile is conveyed to the duodenum, 
from which the stomach is divided by a pyloric valvular orifice.* 

The texture of the liver is soft and lacerablc ; its colour usually 
lighter than in higher Vertcbratu, b(?ing whitish in the Lophius, 
in many other fishes of a ycllowish-p-ray or yellowish-brown : it is, 
however, reddish in the Bream ; ol a bright red in the Ilolocentrtim 
orieniale, orange in Holocentriim hastatum, yellow in AAertna 
presbi/tery green in Petromyzon marinuSf reddish-brown in the 
Tunny, dark brown in the Lepidosiren \ almoat black in the Psddle- 
fish. In most fishes the liver is remarkable for the quantity of fine 
oil in its substance^ nnder which form almost the whole of the adi- 
pose tissue is there concentrated in the Cod-tribe, the Bays, and 
the Sharks.! Fishes which, like the Sahnon and Wolf-fish, have oil 
more diffused through the body have comparatiTelyUttle oil in the liver. 

The liver is generally of laige proportional siae : it is attached at 
the fore-part of the abdomen to the aponeurotic wall partitioning off 
the pericardium (Jig* 61. 1, o), and extends backwards, with a few 
exceptions, further on the left than on the right side : in the Carp^ 
the Bream, and tlie Stickleback, the right lobe is longest. Its shape 
varies with that of the body or of the abdominal cavity : it is broad- 
est, for example, in the Rays, longest in the Ecb ; not, however, 
elongated in the Gymnotus, in which apodal fish, by reason of the 
peculiar aggregation of the organs of vegetative life in the region of 
the head, the liver is divided into two short and broad lobes con- 
necti d by a tin averse lobnle. The liver consists of one lobe in 
most Salmonoid and Lucioid Fishes, in the Gymnodonts and Lopho- 
branehs, in the Mullets, Loaehcs, and liullheadn. It is long and 
simple in the Lamprey and I.epidosiren long and bilobed in the 
Conger. The Lump-fish has a lobulurf besides the chief lobe, which 
is round and flat. There is a short tliiek con\ cx lobe to the right of 
the long left lobe in the Lopliius. In many fishes the two lobes are 
subequal : they are rarely quite distinct, as in the Myxinoids ; but 
commonly confluent at their base, as in the Wolf-fish ; or connected 
by a short transverse portion, as in most Sharks, the Siluroids, the 

* The Drentn Is the onljr fitb in which I hava ibuiid th« «jitie duct terminating 

directly in the stomach. 

t llic myriads of Dog-fidi cajitured and codanionly njeet«d on our ooaits Aiom 
that the fishertnen have not yet taken full advantage of this anatominl ft«l« wbioh ex- 
poses to them an abundant source of a pure and vahiable oiL 
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Polypterna, the Boiy, the Coryphene^ the Chietodoiit8» and the Cod- 
trihe. In the Whiting the two chief lobes extend the whole lengt^i 
of the abdomen. The Hver is trilobed in the Comne, the Clupedd 
and the CjpiiDoid fishes : in many of the latter family it almost con- 
ceals the convoluted intestinal canal. The broad and flat liver of the 
Baiidaa is trilobed. The liver is much subdivided in the Sand-lance 
and in the Tunny, in which latter fish it presents remarkable modi- 
fications of tho vascular system. ♦ There are few well-established 
exceptions to the general rule of the presoTiro of n pall-bladtler in 
the class of Fishes. My dissections conlinn the statement of its 
absence in tbe Lump-fish by Cuvierf and \\ agner, | Cuvier did not 
detect a gall-bladder in Lutes niloticuSf Ilolocetitrum Soo/io, Sphy- 
Tfrna Barracuda, Trujla Lt/ra, Tr. Cuettius, Coriina denttx^ (iii- 
pliimdon saxalilis, Lepiditpas avii nteus, jAihrus iurdita, Ammodytes^ 
and Echineis remarn. The gull-bladder is waiuiiig in tlie Aniinocete 
and Lainprey, but exists in the Myxinoids ; it is absent in the iVw/i>, 
Zygatna^ and Sel<icAe, but is present in Golem, and others of the 
Shark-trihe. I hare studied the rich series ef observations recorded 
l>7 Cavierf and hb able Editors] on the gall-bladder and gall- 
dncts in fishes without obtaining a due to the law of the develop- 
ment of the special receptade of the hiltaiy secretion in fishes. The 
pouch in which the aggregated hepatic ducts terminate in the 
Sdaehe mamma may compensate for the absence of the gall-bladder 
in that Shark ; these ducts are endosed in a hroad flat band of dense 
cellular tissue (fig* 65, t\ which passes obliquely down in front of 
the stomach as far as the duodenum, when each the ducts opens 
by a separate oblique orifice into a common cavity {ib. m.) of an oval 
form, communicating with the duodenum by a single opening. 

The gall-bladder is usually situated towards the fore-part of the 
liver, and attached to the right lobe when this exists (as in fig, 
61. m). In some Cyprinoids and Rays, and in the Sturgeon, it is 
imbedded in tho substance of tiic livpr. In many Cha't(sflnnts and 
Salmonoids, in the Sword-fish, in tlie Ki 1 rmd tlie Muraenu, it hangs 
freely nt some distance from the liver. 1 fuund the gall-bladder three 
inches from the liver in a Lopluus ot two feet in length. The size of 
the gall-bladder varies in different fishes : it is very small in most liays ; 
in Osseous Fishes it usually bears a direct relation to that of the liver 
itself. It is pyriform in the Lophius, Mullet, Sea-perch i^SchusUs\ 
Pike, Sturgeon, Planirostra, and most other Fishes : it is subspherical 
in the Gray-shark (Gahua), and in the Wolf-fish: it is Bke a long- 
necked fiask in Polyptems ; is bent like a retort in Xiphias, and is 

* EiM^hricht, ci. t P> ^^1* \ ZLVil. 

§ xxin. paanm. | ini. t. iv. pt. ii. "p. 559—569. 
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remarkably long and lender in Scuena, UpeneuSf Lates nobilisy and 
in the Bonito, the Tunny, and other Scombrida. The bile is some- 
times conveyed directly into the gall-bladder by hepato-cystic ducts, 
and thence by a cystic duct into the duodenum ( Wolf-fi?;h, Krythrinus, 
Lepidoeiren) : or it is conveyed by a single hopntic duct, formed by the 
union of several branches from the liver ( Zt/yfma^ where tlie duct is 
very long) : or by two liejiatie duets opening separately into the 
intestine, as in Pristis: or an hepatic duct from the left lobe joins 
a cystic duct Irom the bladder, receiving the gall from the right 
lobe, and the secretion is convtiyed by a * ductus communis choledo- 
chus' into the duodenum, as in Pimelodus : or the bile is conveyed 
to the duodenum partly br a cystic duct and partly by a dtStillCt 
hepatic duct, m in the Sahauu, in which the latter dilates before H 
terminates. In the Lophius three hepatic ducts join tlw Tery loilg 
cystic, which duct sometimes dilates where it receives then. In the 
Turbot I found numerous hepatic duct^ some of which communicated 
with different psrts of ihe cystic duct, and four opened into the 
dilated termiiMtion of the ductus communis. (Prep. 81 1* A.) In the 
Galeus the cystic duct runs some way through the substance of the 
liTcr, and sometimes between the tunics of the pyloric canal of the 
stomach, before it enters the commencement of the wide intestine, 
near the beginning of the spiral valve. The gall-duct in the Stuigeon 
and Planirostra {fig. 61.) terminates at a greater distance above the 
valvular intestine. The ordinary position of the entry of the bile 
into the alimentary canal in Osseous Fishes is at the commencement 
of the small intestine near the pylorus. The terminal orifice of the 
gall-duct is often supported on a papilla, as in the Sturgcoru the Skate, 
and the TMhrax lupus. In the Bream T found the short cy.'>tic duct 
opening into the fore-part of the riirdiiif portion of the stomach. 

In most Osseous Fishes the intestine i)ud3 out at its commencement 
into long and slender pouches, or caca, into which it apj>ears 
that the food never enters, and which, therefore, increase the direct 
secreting surface of the alimentary tract, over and nl i\ e tiie extent 
of the mechanism for j)ounding and propelling the el ly me, or of the 
va.^cular surface whicli selects and absorbs the chyle. By a very 
gradual series of changes of these caical i)rocesses, within the limits 
of the class of Fishes, we are led to recognise them as homologous 
with the conglomerate gland called ' pancreas ' in Man. The secre- 
tion of the rudimental representatives this gland is so like the 
fluid which the ordinary mucous surface of the intestine eliminates 
and sets free from its capillary system, that conditions of the ordi* 
nary alimentary tract exist in some fishes which render needless the 
development of the specisl accessory surfaces. The DermepUri show 
no trace of pancreas : their whole digestive cansl is simple ; the whole 



Digitized by Google 



DIOB8TIVB 8T8TEM OP F1BU£8. 



245 



organisation for which that canal is the commissariat is tlio most simple 
iu the Piscine class. The Lampre}% at the head of the Dermopteroua 
order, derives from tlie slight spiral extension of its intestinal rau- 
cous coat the required concomitant complexity of the digesitive eaual. 
The torpid Lepidosiren, which, thougli of a much more advanced 
tjpe of ichthyic organisation, can have but little expenditure of 
nervous and muscular force to repair, seems, in like manner, to derive 
from a spiral extension of its thick and glandular intestinal mucous 
memhrane the equivalent of a pancreas, and no rudiment of that 
gland exists in this fish. In several Osseous Fisbes dthflr tiie imus- 
tive nfttnre of the species, or the extent or Bpecial modifications (as 
the long inteatme and glandular palate of the Carp, for example^) of 
tlie mucoos membrane in the ordinary tract of the alim^tarj canal, 
render onneoeasaij the presence of a pancreas. Thus there is no 
dBcal production of tiie dnodennm in the Ambassis, the Wolf-fiilv 
nor the Warty Agriope^ nor in most Labroids» Cyprinoid% Lucioids, 
Silnroids, nor in the Lophobranchs and Fleetognats $ nor in the 
genera Aniennanut, MakkatUt and BatraekuM, The pancreas is re- 
presented hj a sii^le pyloric cecum in the Sandlance and Polypterus 
(JSff' 62. k); by two ca>ca in most Labyrinthibranchs» in many 
species of Amphiprion, in the Lophius, the Turbot, and the 
Mormyrus (^g. 63. A) ; by three casca in the Perch, the perooid 
Popes {Actrina), the Asprodes, and Diploprions ; of from four to 
nine cseca in the genus Coitus ; of from five to nine ca;ca in the 
genus Trivia ; of six Cfeoft and upwards in Scorpa-na and Flolncen- 
trum ; and so on, increasing to a numerous group of pendent pyloric 
pouches, as we find in the Scomberoids, Cluetodonts, Gadoids, 
HalecoidiS, Cyclopterus, and Lepidosteus. There is a difference, how- 
ever, worthy of note, in the nKxle and extent of attachment of these 
numerous cmca : in the Salmon (prep. 773.), the Herring, and Haddock, 
they rank almost in a line along the whole duodenum : in the Gym- 
notus and Lump-tish they form a circular cluster around the distal 
side of the pylorus. Even in the longitudinally arranged ca^a the 
principle of concentration dawns ; thus the fii^y pancreatic caeca of 
the Klcbard communicate with the duodenum by thir^ orifices $ but 
the fifty attenuated terminal blind sacs in the pancreas of the Lump* 
fish unite, reunite and discharge their secretion by a circle of six 
orifices around the duodenal side of the pyloric valve. In the Tunny 
a more subdivided bunch of pancreatic cseca empty themselves 1^ 
five orifices } in the Sword-fish by two orifices ; and, finally, in the 
Sturgeon and Paddle«fish (Jig, 61. k) by a single opening of what 
now becomes the short and wide duct of a pancreas. The interpo- 
sition of cellular tissue binding together longer, more slender and 

a s 
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more ramified casca, with a concomitant increase of the vascubu' 
supply, and a common covering or capsule, linally converts the ac- 
cessory intestinal growtli.s into a true parencl^)^natou9 conglomerate 
gland ; as we see in the Holoccphali and Plagiostomes, (preps. 776, 
777.) : the papilliform termination of the duct of such a pancreaB 
is shown in the Sehdie at Jig. 64. t. 

The existence of this liighly developed fonn of pancreas over and 
above the spiral intestinal valve may relate to the high organisation 
of these Cartilaginous Fishes, and to the great development of the 
organs of looonotiony oeeasioning the necessity for rapid and com- 
plete digestion, Bnt if we compare the few existing species of 
heavily-laden Ganoid fishes^ we shall again find good evidence of the 
compensation for a pancreas by the eztennon of the intestinal mn- 
cons membrane within the canal, the circQmstaoces calling for a more 
complete development of the digestive system in the predatony 
Sharks and large-finned Rays not being present. Thus the Poly- 
pterus, which \\^^ a spiral intestinal valve^ has only one short pyloric 
cjccum {Jig. 62. k) ; whilst the Lepidosteus, which has no spiral valve, 
ha.s a compact group of above a huiulred small cccn, which unite and 
reunite to coramuoicate by a few apertures with the commencement 
of the duodenum. 



LECTURE X. 

VASCULAR 8TSTEH OF FISHES. 

lUE ABSOBBfiMTS. 

TuE assimilation of food in an animal body has a close analogy to a 

chemical operation, the general result being the obtaining from a 
combination of two substances a third distinct from both. If the 
chemist operates on a solid substance, he firM triturates and reduces 
it to i>owder, then digests it in a solvent menstruum, next adds the 
reagent, and if the result of the admixture be a precipitate, the su- 
jiernatant tluid is drawn or filtered off. So it is with the food : it 
first uudergocM the process of mastication in the mouth, next that of 
solution in the stomach, then the chyme !•< mixed with the intestinal, 
biliary, and pancreatic secretions, and lastly the chyle is llltrred otV 
from the faecal precipitate. The instruments of this separaliou and 
conveyance of the chyle to the circulating organs are the MactealH:' 
analogous vessels which take up the effete parts of the body are 
called the * lymphatics both together coubtitutc the 'absorbent 
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system.' This system exists as a separate oiganic yascular apparatus 
only in the Vertebrate sobkingdom : it was first observed in Man and 
Mammalia ; was discovered by John Hunter in Birds* and Reptiles f, 
and afterwards described bj Mr. Hewson and Dr. Monro in Fishes. 
The most systematic and detailed descriptions of the absorbent system 
of the OWparons animals^ published in the last centmy, are those of 
Hewson. I 

The lacteal system in Fishes commences bj a reticulate or plezi- 
form layer of Teasels attached to the cellular side of the mucous coat 

of the stomach and intestines : in the Skate § the network Is so coarse 
that, when inflated, drieil, and cut open, it appears like a subdivided 
cellular receptacle. The chyle is conveyed thence in all fishes by 
more vasiforni lactcals situated immediately beneath the serous 
covering of the inte»stinc.s to large retieulate receptacles, <>n»- in the 
mesenteric angle along tlio junction of the small and large intestines, 
the other extending along tlie duodenum, its pancreatic appendages, 
and the pyloric part of the stomach ; and often also Purruunding the 
spleen. The presence of the iiir:5entery in the Myxiuoids, and its 
absence in the Lampreys, involve corresponding differences in their 
lacteal systems : in the Myxiuoidd the lacteid^s are supported and con- 
veyed by the mesentery to the dorsal region of the abdomen, and 
empty themselves into a receptacle above the aorta and the cardinal 
veins, between these and the yertebral chord : in the Lamprey the 
lacteals pass forward^ and enter the abdominal caTcmous sinus be- 
neath the aorta. 

The lymphatic system is best demonstrated by injectiog the large 
absorbent trunk which runs upon the inner surface of the Tcntral 
parietes of the abdomen, along the median line from the vent for- 

* <* It is but doing justice to the ingnoious Mr. John Hunter to mention here, 
that these lymphatics in the necks of fowls were first discovered by him many 
years ago." (Hvmoo, CIl. 1768, p. S»0.) 

t Hunter's account of this discovery, in a manuscript copied by Mr. CMfU is as 
follows : — " In the beginning of the winter 1764-5, I got a crocodile, which bad 
been in a show for several years in I..ondon before it died. It was, at the time of 
its death, perhaps the largest ever seen in this country, having grown, to my know- 
ledge, above three feet in length, and was above five feet long when it died. I 
sent to Mr. Hewson, and, before I opened it, I read over to him my former de- 
scriptions of the dissections of tliis animal relative to the absorbing system, both 
of some of the larger lymphatics and of the lacteals, with a view to sec how far 
these deterifltions would agree with the appearances in the animal now before us ; 
and, on comparing them, they exactly corresponded. This wns the crocodile from 
which Mr. Hewson took his observations of the colour of the chyle." Hunter here 
alludes to the note appended to Mr. Hewson's paper on the " Lymphatic System in 
Amphibious Animals'* Philosophical Transactions, vol. lix. 1769, p. 199. a " In 
a crocodile which I lately saw by favour of Mr. Johm Huntbk» tlie chyle was 
white." 

i cr. lien, 1769. 

§ in this and other I'iagiofttomes the gastric lacteals are confined chiefly to the 
oootrsetcd pyloric etml. 

a 4 
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wards to the interspace of the pectoral fins, where the size of the 
vessel best favours the insertion of the injecting pipe. It receives 
the lymphatics of Ike pectorals, and (iu thuracic and jugular fishes) 
of the ventral fins ; then, advancing forwards through the coracoid 
arch, it spreads oat into a rich network, whicli almost surroimds the 
pericardium. The lymphatic plexus which covers the heart of the 
Stuigeun and Paddle-flsh presents a spongy and almost glaaduhir 
appearance when nniiyected: large lymphatic tranka firam the upper 
(dorsal) part of this plexus receive the lymphatics of the mjrocommata 
by a deep-seated trunk which runs along the rihs, and the lymphatics 
of the mucons ducts and int^uments by a superficial trunk, which ex- 
tends along the lateral line, and gets a penniform character by the 
regnlar mode in which its tributary lymphatics join it. The lym- 
phatics of the head form minor plexuses at the bases of the mbits^ 
and in the Carp they extend into the basi-cranial canal ; those from 
the ceUalar arachnoid pass through the occipital foramen to join the 
lymphatics of the spinal canal, and terminate in the cervical and 
sub-occipital trunks, which receive the lymphatics from the upper 
extremities of the pills: these, with the deep-seated lymphatics from 
the kidneys, join tlic pin<rlo or double trunks ut tlie under p;jrt of the 
vertcbnil eoUimn, winch combine with the lacteal plexiforni trunks 
continued forwards along each side of the stomach and cr^tiphagu?, 
to form a large, sliort, common lacteo-lymphatic tniuk on each «i(1e, 
which terminates in the jugular vein near its junction with the .-Ii >rt 
precaval vein. The lymphatic system of the caudal jHa tiou of tiie 
body is chiefly received by two caudal sinuses, intercommunicating 
by a transverse canal, which sometimes perforates the base of the 
anchylosed compressed terminal tail-vertebra, and, converging to 
enter the h«nal canal, terminaftea there in the commencement of the 
*vena caudalis.' Dr. M. Hall discovered that the caudal lympltatic 
sinus, in the Eel, possessed a contractile pulsating power.^ Fohmanf 
describes other and minor communications between the absorbent 
and venous system of Fishes. 

The lymphatics of Fishes consist generally of a single tunic ; a 
most delicate epithelial lining may be distinguished in the larger 
trunks. The only situations where valves have been seen in these 
vessels are at the terminations of the trunks in the caudal and the 
jugular veins. There arc no lymphatic glands : these are repre- 
sented by the large and numerous plexuses ; and the whole absw- 
bent system presents, as might be expected in Fishes, the first step 
beyond the primitive condition of the common areolar or cellular 
receptacle of the lymph in the Invertebrata. The chyle, m well as the 

* Xkux. ii p. SI 7. f ciif. 
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Ijmph) of Fishes is colourless and transparent : both contain cor- 
puscles, or centres of assimilative force, five or six times smaller than 

iho blood-discs, and raanifeptiii <r an inherent power of development and 
chiuiiie, some bcin^ granuhuy others with a capsule and in the con- 
dition oi' nucleated cells. 

Professor Stunnius * has d»>scribcd ash-coloured bodies, lying near 
the pylorus and spleen, which contain a whitish fluid laden with mi- 
croscopic granules, mucli smaller than the bloo<l-discs : he regards 
them, apparently with justice, as a residuum of the foetal viteUicle or 
yulk-bag. 

THE TEINS. 

As tlie blood moves in a circle, it significi? little at what point we 
commence the description of the parts concerned in the circulation, 
«nce there also we must end. But as, in tracing the progress of the 
nutriment through the organs concerned In its cbylifieation and san* 
gnification, we were led hj the absorbrats to the vdnsj, we may begin 
with them the account of the circulating system. 

The tunics of the Teins of fishes are unusually thin, and their 
yalTos few : though commonly in the form of tube^ yet they more 
frequently dilate into rinnses than in the higher classes^ and traces 
of the diffused condition of the venous receptaeles» so ccnnmmi In the 
IhTertebrata, are not wanting in Fishes ; as, for ezample» ^in the 
fissures of the renal organs, where the Teins seem to lose their proper 
tunics, or to blend them with the common cellular tissue of the pert ; 
and in the great cavernous einus beneath the abdominal aorta, receiving 
the renal and genital veins in the Lamprey. Tlie jugular veins of 
Osseous Fishes and the hepatic veins of the Bays form remarkable 
sinuses. 

The veins of lishc* constitute two well-defined systems; viz. tlic 
* vertebral' and the ' visceral/ answering to the division of tlie nerves 
and muscles into those of 'animal' and 'organic' life: tlie portal 
system is a subdivisi* n of the visceral one, but also fre<{uently in- 
cludes part of the verti'bral system of veins, especially in the ]\Tyx- 
incs, in which the portal sinus I'orras a common meeting-point be- 
tween portions of both systems, f 

The vertebral system of veins commences by a series of capillary 
roots $ in the integuments and muscles, which unite to form branches 

* CIV. p. 39* 

f Retiius, in m. ** Gefiuaiysteni,** 1S41, p. 16. 

\ Tlie cajjillnry system of vessels consists in Fishes, as in other Vertcbrata, of 
minute but simUar-sized tubules, capable of carrying a single file of blood-diacs. 
mad conncctuig th« tenraMSkw of the artcric* with the flontmencenient of the 
veins. 
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Gosresponding with the miueiilar and oMeovi aegments of the bodj: 
these * eegmental* Teuu cooaist, in the tail, of superior or neural, and 
inferior or haematal branches $ in the abdomen^ of anperior and of 
lateral branches ( in the head, where the Tertebral augments are move 
modified, the veins numifest a less regular and appxeeiable cone* 
apondence with theae aegmenta. The cephalic y^bm, xeturning the 
blood from the cranial Tertebra^ their appendagea and sorronnding 
soft parts, firom the brain, tiie oigana of special sense and their orbits 
or proper cavitiee, from the mouth and pharynx, and, receiving also 
the whole or part of the ' venae nutritiae' from the branchial arches, 
unite together on each side to form a pair of 'jugular' veins, each of 
which UBualljr dilates into a large sinus, and again contracts and re- 
sumes the vasiform character, as it descends to beneath the parapo- 
physes of the atlas and axis, in order to join the corresponding trunk 
of the vertebral veins of the body.* This great trunk, called ' vena 
cardinalis' by Uathkef, commences at tin- base of ih<^ tnil-fin, where 
it receives the lymph from the pulsating sae in the Eel-iribe. The 
' vena canlinalit^' is double, there being one for each side of the body, 
and both right and left * venm cardinales' extend forvvardiS, in close 
contact, along the hs»mal canal in the tail, then through the abdomen, 
and in both regions immediately beneath the aorta and vertebral bodies, 
to near the ' axis,' where each trunk diverges and descends to join its 
corresponding ' vena jugularis,* forming the short 'pre-cavol' vein^ 
(Jiff. 79, e)f which empties itself in the great auricular sinus between the 
aponeurotic layws of the pericardial and abdominal aeptnm. In the 
Lamprey the * yena cardinalia* is single along the tail, but it bifur* 
cates on entering the abdomen into two reins^ each of which ia six 
times aa large aa the aorta. The left cardinal Tein ia lai|;er than the 
right in the Mjzinoida : but the symmetrical disposition of the Ter- 
tebral yenouB system is more disturbed in many osseous fishes, at the 
expense of the right side ; the right cardinal vein, after some trans- 
verse connecting channek with the left, finally terminating or losing 
itself therein anteriorly : part of the right jt^ular vein, also^ in this 

• In ti>e I^iniprey the corresponding jugular trunks lie above the aponeurotic 
repmcntiitives of the vertebral parapophyscs. 

t • La vi iiie cave ' of Cuvler ; but it i» not bomologous With either the * inferior ' 
or ' superior veiui" cava' ' of Man. 

f Dnetus Cuvirri, Ilatlikc ; 7iierMiinuf8iRiiif, Mi'illor. The prccaval Teins are 
the homologufs of the two • siip«.>rior cava?' in Kcpliles and Hirds, which receive 
the so-called 'azygos' vtias or reduced homologucs of the 'vena; cardinakss' of 
Fubn : in the higher Mammals and in Man they are cooeentretcd into a single 
♦mipcrior vcnn cava,' receiving the • vcnn? cardinales* by a common trunk, thence 
called *azygo<«' in Antbropotomy. The anatomical student is usually iutrodueed 
to theeerdinal veins, or, to speak more strictly, their single honologuc in the 
human subject, where their normal symmetrical character becomes marked by an 
extreme inodiitcatiun, and where their name is applicable only to so rare and cx- 
ceptionnl a eondition. 
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case enters the left or common cardinal vein.* In the Tunny the. 
two ' veuii; jugulareg' unite and form a coininr n trunk, which 
enters the auricuUir .sinus independently, f The Shad, the Pike, 
and the Lncioperca are examples where the jugular veins are 
gyminetrieal, and tprminnte distinctly in the precaval veins. With 
regard to the vertebro- venal system of the trunk, not all the 
segmental branches terminate in the ' vena rui linulis the *neural* 
or superior twigs form with the * myeloaal veins a trunk which 
runs parallel with the cardinal veins, but above the vertebral 
bodies in the neural canal. This trunk, which I call the 'vena 
neuralifiy* commiiiiiGtteB hy short lateral and Tertieal canals with the 
'▼entt cardiaalei^ and in the r^ion of the ahdomen these short 
anastomonng Tdns perforate the substance of the kidneys, and 
receiTO the 'renal veins' before terminating in the abdominal car- 
dinal veins. The < nenral vein* gradually exhansts itself by these 
descending branches* and does not extend to or terminate anteriorly 
in the precaval trunk. Jaoobson, observing that the abdominal anas- 
tomotic branches of the neural vein, in transferring its contents to 
the cardinal veins, perforated the kidneys, thought that those branches 
ramified in the renal tissue, like the portal veins in the liver ; but 
my observations concur with those of Me<^el and Cuvier| in 
showing that they rather receive or communicate with the renal 
Tcins in tmnsitu in Osseous Fishes, in the Lamprey the renal vein 
assumes the form of a cellular or cavernous sinus, of a very dark 
colour, extending along the mesial margin of the kidney, uniting 
with its fellow po^t'^riorly, and communicating by small orifices with 
the contiguous cardinal vein. 

The visceral -y-t' in of veins conunoicos in Ossseons Fishes by the 
capillaries of the stomach and intestines, of the pancreatic caica and 
spleen, of the generative organs and air-bladder: these, by progres- 
sive union and reunion, constitute either a single trunk which forms 
the portal arterial vein of the liver; or, as in the Perch, a second 
trunk, the true homologue of the * inferior vena cava' which returns 
the blood from the genital organs and air-bladder to the auricular 
sinus, without previous ramification in the liver; the portal trunk 
being formed only by the veins of the alimentary canal and its appen- 
dages. The portal tnmk is single in the Ling, the Burbot, the Pop^ 
the Eel, the Lamprey, and the Flagiostomes : but, in the Carp^ where 
the lobes of the liver interlace with the convolutions of the intestine, 
the veins of this canal pass directly into the liver by several small 
branches, which ramify therein without forming a portal trunk. 



* xu. ib. 3S. 



t Ilk p. 37. 
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In the Flagiostomes with the loogitndiiial spiral valve the main 
root of the portal vein is concealed in the free, thickened, muscular 
niirLlri of that valve*: the trunk of the intestinal vein ia lodged i 
also in an internal fold of the mucoufi ooat in the Lamprey: in the 
PlagiostCMnes and Ganoids with transverse coils of the spiral valve, 
the venous blood is collected into an external intestinal vein. In 
the Pafldlc-fish this vein joins the vein of the spleen {Jt)/. 61. ;/ ), and 
then, with the duodenal^ pancreatic, and gastric veins, forms the por- 
tal trunk. 

Professors Eschricht and cruller f found, in the Tunny, that the veins 
of tlic stomach, intcstin**, pyloric appendages, and spleen, respectively 
subdivided iuto numerous minute venules, which interlaced with cor- 
responding * ret i a mirahilia' of the arterial brandies sent from tlie 
casliac axis to the .^ame viscera, and formed pyriform masses of 
vessels before onteriug the liver. 

In a few Osseous Fishes, as the Shad, some of the caudal 
branches of the vertebral system of veins anastomoae with the 
veins of the rectum, and thus form part of the roots of the portal sys* 
tern. But the most interesting modification of the portal system of 
Fishes is that diseovered by Retains in the Glutinous Hag. In 
this and also in other Myxinoids^ the genital and intestinal veins 
form a common Crunk along the line of attachment of the me- 
sentery : all the gastric veins that do not empty themselves into 
the cardinal vein also join the great mesentoic vein. This vein 
advan( es to the space between the pericardium and the right supm- 
renal body, receives the anterior vein of that body (its posterior one 
joining the cardinal vein), and dilates into an elongated sinus, which 
is said to contract, as if it were a portal heart. The anterior part of 
this sinus receives a vein from the right anterior parietes of the body, 
which is formed by the union of all those veins of the muscular parts 
there Avhich do not join the right ju^rular vein : the portal arterial vein 
is sent off from the posterior end of the pulsating sac, near the entry 
of the mesenteric vein, and goes backwards to beneath the two liver?«, 
and there divides, enters, and ramifies in each. The hepatic vein of 
the hinder and larger liver enters the common trunk or sinus formed by 
the union of the two cardinal veins with the left jugular: the hepatic 
vein of the smaller liver joins the termination of the left jugular vein, 
and they together end in the opposite side of the same common sinus. 

In the Plagiostomesthe right jugular and cardinal veins unite, and, 
receiving the vein of the pectoral fin (brachial vein), and a superficial 
vein from the head (external jugular), form « short transverse 

* Dwnmoy, scvl p. S74. f ci. 
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* preeaTal ' trank. A correspondiiig pirecaT«l trunk is formed in the 

same way on the left side, aud the great auricular sinus is con- 
V stituted by these and by the wide hepatic veins, which contract before 
they terminate. In many Osseous Fishes, as Salmo, SiluruSf 'Belone, 
Anguilloy AmmodyteSf and AccipenseTf the hepatic veins terminate in 
tiie common sinus by a single trunk ; in others, as Th/nnns, Cadus, 
Esox, aud Pletironcctcs, by two trunks; and in a few Fi'^hes, as 
Clupea^ CottuSy and certain Cyprinoidjs, by three or more ti unks. 

Thus in Fishes the chyh-, huvitiLr ah'cady begun to manifest its 
indejM'ndent life by the development of distinct microscopic granular 
corpuscles, as primiiive centres of assimilative force, before it enters 
the lactenls, undergoes in those vessels and their receptacles a I'ur- 
ther stage of conversion into blood by the reaction and, as it were, 
impregnation of the lympii, ;uid by the interchange of properties 
therewith : the vitalising stimulus of which interchange and reaction 
is manifested by the repeated spontaneous fission of the corpuscles, 
many of which now acquire a capsule, and thns become nuclei of 
cellB. Then the mixed chyle and chyme enter the Teins, where a 
further interchange of properties with the venous blood and a new 
course of action and reaction take plaoe. The primitive pale chyle- 
corpuscles are here few in number; they have a capsnloi and the 
granular character of their contents shows them to he in the course of 
change : a centre of superior assimilating force has already begun to 
establish itself amongst them, and to grow at their expense. * 

THE nSAUT. 

The venous ])lood undergoes some change, probably, in its passage 
through the kidneys, by virtue of the anjistomoses of the renal vascular 
system : it undergoes further change in its circuhition through the 
liver, in so far as the bile, a fluid highly charged with carbon and 
hydrogen, is eliminated from it: it is said that in some fishes 
(Mt/xine, Bdelloiioma) a contractile receptacle accelerates its course 
through the portal drcnlation. The venous blood has finally to be 
submitted to the influence of the atmosphere, and especially to the 

* Most of the stages atuUogous to those demonstrated by Dr. Martin Barry 
(cni.), in the firat perioda of oevelopment of the inaniraiftrou* ovum, have been 
recognised in the corpuscles of chylf, lymph, and blood. The powers of one «icru'S 
of granuletf, the progeny of a primary centre, are concentrated in a secondary 
mMTettC, whidh abaorbt them « they lirjuefy ; dcvcdopcs itKlf at their cxpeiMe^ 
generates a «iccond series of granules which, in their turn, give way to subserve a 
third regeneration of aggregated but distinct spherular centres of force ; the final 
purpoee of the eueeemve derelopmeot, Hqudhetum, and aashnilation of the inde" 
pendent granular centres, being ap{)ari ntly to concentrate their vital energy in the 
form ultimately aaauraed, as coloured blood-discs. The shape and relative siie 
«f theae parlieica are abown in Jtjf. 4. p. 13, in a plagioataiBOiia fiah at A,iiiatjpjeal 
osseous Ash nt p ; the blood-discs of the Lamprey arc circular.— See theadmuable 
Memoir on the Dev^opinent of Blood-discs, cxxvii. 



Digitized by Google 



254 



LBCTUSE X. 



reaction of the oxygenous clement; and for this, the most important 
and ctKcient cause of its conversion into arterial l)loofl, a contructih' 
cavity, with strong: muscular yvn\\<, \^ provided, in order to impel the 
bl<x>(I to tlie orjjans espeeialiv destined to effect its deearbonisation 
and oxygenation. The propelling organ is called the ' heart ' ( JtSf» 
61'/>» y)j the respiratory organs the *gilli>' or branchiae {ib. u\ 
since they iiubmit the blood to the influence of the air through the 
medium of the water in which it is suspended or dissolved. 

There ib only one known iish, viz. the Lancelet, in which avenoiifl 
or branchial heart is not developed as a compact and predomiimit 
mneciilar oi^gan of eireulation : a great yein answering to the ' Tona 
cardinalie ' extend forwards along the caudal region, beneath the 
chorda dorsalis^ above the kidney {/iff. 46. A) ; and as it extends 
along the branchial cesophageal sac gives Teaseb to or reoeives^them 
fipom the ciliated Tortical bands or divisions of that sac^ which 
vessels commonicate with a vascohr trunk along the inferior part of 
that sac. This trunk at its posterior end dilates into a small sinos 
which pulsates rythmically, and represents mdimentally the 
branchial heart of tlie Myxinoids: the cardinal vein (&a) divides 
anteriorly, and supines the short vascular processes (^7), which 
pnject above the pharyngeal oriiioe (ph) into the wide buccal 
cavity : the blood oxygenized in these processes is transmitted to the 
cerebral portion of the neural axis, to the organs of sense, especially 
the sensitive integument of the head, and to the jointed labial ten- 
tacula, ( fify, whence it returns to the jiharynx by tlie labial vessels 
which there unite together, and with the inferior trunk of the vas- 
cular system, or arehes, of the branchial pharynx. The free vas- 
cular pixx'csse.s (7/7) seem to me to perform most distinctly the func- 
tion of gills^ and they arc so referred to in the characters of the 
suborder Ph n njngo'h ra m fi ii (p. 47.) : but they may be homologous 
with the supralabial tentacles of the Ammoeete. 

In the Myxinoids a heart consisting of an auricle and a ventricle 
is situated, like the pulsating tube or sinus of the Lancelet, far back 
from the head, in the beginning of the abdomen, where it is inclosed 
by a fold or duplicature of the peritoneum, extending between the 
cardiac end of the ossophagus above^ and the anterior liver behyw, and 
forming the homologue of the pericardium, which sac communicatee 
freely by a wide opening with the common peritoneal cavity. The 
auride is much longer than the ventride : it reoeiveo the bkx>d ffom 
the common sinus by an orifice defended by a double valve. The 
auricle communicates with the left side of the rounded ventricle, the 
* ostium venosum ' having also a double valve. There are no 
^ columnaj carnea;' or * chorda) tendineae.' The artery, single here as 
in all Fishes, rises from the fore*part of the ventricle with a pair of 
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semilunar valves at the * ostiam arleriosum' behind ita origin, beyond 
which it alightlj dilates, but has no muBCular parietes constituting a 
* bulbar arteriosus.' In this HunteriAD fffeparation of a large Mjxinoid 
fish (No. 1018.) the artery dirides at once into two branchial trunk% 
reminding one of the separate branchial arteries of the Cephalopods. 
In oilier species of Bdellostoma the artery extends beyond two or 
three pairs of gills before it bifurcates; and Mii!l<>r* saw one in- 
stance in the Myxinc (jhitinosn, where the brancAiial artery continued 
single as far as the anterior gills. 

The pericardium of the Aniiaoeete communieate.s by one wide orifice 
with the {»eritoneum : tiiat of theLamprey is a abut sac, and is supjwrted 
by a ped'orated case of cartilage, formed by the last modifie<l pair nl' 
branchial arches {Jig. 1 1. 47', p. 52.). rsot aay of the T)ermoj)teri ]>os- 
i»ess the ' bulbus arteriosus:' this is present, and forms, as it were, a 
third compartment of the heai t, beyond the ventricle and auricle in ^ 
other Fishes (Jig* 61. r.Jig, 70. c) : nay, if we include the great * sinus 
communis' as part of tiie heart, then we may reckon four ehamhen 
in that of Fishes ; hat the student will obsenrethat these succeed each 
other in a linear series, like the centres of the brain, and their valves 
are so disposed as to impress one eoorse upon the same cnrrmt of 
blood from behind forwards, driving it exclusively into the branchial 
artery and its ramifications. This u very difieient from the anange- 
ment and relatioos of the four compartments of the human heart. 
-Fhyaiologically the heart of Fishes answers to the venous or pul- 
monaiy division, vix. the right auricle and ventricle of the mammalian 
l^art, and its quadripartite structure in Fishes illustrates the law of 
vegetative repetition, rather than that of true physiological oomplica- 
tion.f The auricle and the ventricle are, however, alone proper to 
the heart itself: the sinus is a development of the termination of the 
venous system, as the muscular bulb is a superaddition to the com- 
mencement of the arterial trunk. 

Some of the higher organised Fishes, which present the normal 
structure of the heart, have, like the Myxinoids, a perforated peri- 
cardium. In the Sturgeon the communicatinn with the peritoneum 
is by a binglc elongated canal extending along iht; ventral surface of 
the oesophagus. In the I'laiiirostra and Chima roids the pericardio- 
peritoneal canal is also single. In the I'lagiostomes it bifurcates, 
after leaving the pericardium, into two canals, which diverge and 
open into the peritoneum, opposite the end of the oesophagus: no 
ciliary movements have been noticed on the surface of these remark- 

* XXI. it), p. 9. 

f The heart of Fishes with the muscular branchial artery will be seen to be the 
trm * homologue * of tfw left •oriele, TentrieW, and aorta in highar Vertebtata, at we 
trace the complication of tlic heart synthetically; but it perfonna a ftllietMNi 'atia^ 
logout ' to that of the pulmonic auricle and Tentricie in them. 
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able oondiiitB. The serous layer of the pericardium is defended by 
an outer aponeurotic coat in Osseous Fishes and Plagiostonie^, wliieh 
adiiercs to the surrounding parts. In the Stnrireon, AVolf-lish, 
Lrouch and Mura?na, short librous bands sii])portiiig vesotlii pass 
from dilTerent i)art:^ of the pericardium to the surface of the heart : 
in most othor lislies the heart li uigs freely except at the two opposite 
poles, viz., where the aiuus coiumunicates with the auricle, and whei-e 
the bulbus arteriosus is continued into the branchial artery. 

In the Plagiostumes the sinus itself is situated within the peri- 
cardium ; but in Osseous Fishes between the layers of the posterior 
aponeurotic partition between it and the abdomen. The heart is 
sltnated below the hind-part of the gills, and, as these are more 
ooncentrated in the head in all Fishes abo^e the Dermopteri^ so the 
position of the heart is more advanced (Jig* 61. pt e). In the Pla- 
giostomesy the Sturgeons* the Perch, the Angler {Lophiw^ prep. 904.)^ 
and the Sun-flsh {OrUuigofuetu, prep.905.)i the orifice bj which 
the great sinns communicates with the auricle is guarded by two 
semilunar YalTcs % bnt these are far &om being constant in Osseous 
Fishes. The auride^ when distended, is larger in proportion to the 
ventricle in Fishes than in higher Vertebrates* Its relative poritiaii 
to the ventricle varies in different species, and pomanently re- 
presents as many similar variations displayed temporarily during the 
course of the development of the heart in higher Vertebrates ; thus 
in the Scorpirna scrqfa, as in the Mt/rinoids, the auricle is posterior 
to and in tlie same longitudinal line witii tlie ventricle; in the Carp, 
Sole, and Eel, it has ndvfuiced to the same transverse line, on the dorsal 
and left side of the ventricle : in most Osseous Fishes, the (Ganoids, 
{Jiy. 70, ij.),the SfnrioNrrhr ( fig. 61. /?), it extends more forward, dorsad 
of both ventricle and bulbus arteriosus, and the heart, including the 
venous sinuf, is now bent into a sign k id form. The walls of the 
auricle are membranous, with thin ituiscular fasciculi decussating 
and forming an open network ; but these arc closer and stronger in 
the Stm-fish, Sturgeons, and Plagiostomes. The cavity is simple, 
but ile inner surface is much fasciculated in the Sun-fish and Sturgeon, 
where the ends of the valves of the sinus are attached to the strongest 
muscular bands. Only in the Lepidoriren is there any vestige of a 
septum, and this is reticulate. The auricle communicates by a single 
orifice, cmnmonly with the dorsal or the anterior part of the ventricle : 
this is guarded usually by two free semilunar valves; but in the 
Sturgeon, their nuurgins and their surface next the ventricle are at- 
tached to numerous ' chorda; tendincflb' In the Orthagoriicut the 
auricular aperture is guarded by four semilunar valves, the two 
smaller ones being placed at right angles with and on the auricular 
side of tlie two larger and normal valves: their margins are free. 
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The Yeatride 61. 9) usnaUy presents the form of a four-side J 
pyramid, one side dorsad towards the auricle ; one angle ventrad, and 
the base forwards. In the Lcpidosteus and Polypterus, however, it 
is pyriform : in the Pike it is lozcnge-shnped : in the Lophius, as in 
the Myzinoids and Lampreys, it is oval : in most Plagiostoraes its 
transverse diameter is the longest, as if preparatory to a division. 
Its cav-ity is, however, simple in all fishes. The parietes of tho ven- 
tricle arf very muscular, and the ri1>re^ are redder than those oi any 
other pai t of the muscular system ; but the colour is less deep in the 
ground-hshes tlmn in those that swim nearer the surface, and enjoy 
more active locoinotiou and respiration. The exterior muscular fibres 
decua^iate and interlace to^rether irregularly and inextricably; but 
the deeper-seated ones form more regular layers, the innermost being 
transverse and circular, and separatin<» readily by slight decomposi- 
tion from the outer and more longitudinal layers. Some of the in- * 
temal fasciculi send off the * chordae tcndinesB* above mentioned in 
the Sturgeon ; but in almost all other fishes those * chords' are absent^ 
and the auricolar yalve is free. In most osaeons fishes the orifice at 
the base of the bolbns arteriosos is provided with a pair of semilunar 
▼alves (prep. 606.): the Sun-fish (prep. 905.) has four such calves 
there. But the Oanoids, Holoeephali, and Plagiostomes have two 
or more transverse rows of semilunar valves attached to the inner 
surface of their long and muscular bulbus arteriosus. The prepara- 
tion, No. 911., shows two rows of three valves in the Grey Shark 
( Galeus) ; the same is found in the Blue Shark ( Carcharia*\ in 
the Dog-fish (Scyllium), and in the Chimicroids : the Amia has two 
rows of six valves : in the genera Sphyma^ 3fustelus, AeanthiaSf 
Aiopiasj Lamnay BhinobixttUf Torpedo, nnd Aeey9en§er,ihcre arc three 
rows of valves : the preparation of the Sturgeon's heart (No. 90H.) 
shows tivc valves in the anterior row, nnd four valves in each of the 
other rows ; ;>ti(1 the free marfjins of tli(i valves are connected by short 
* chorda' tendineai' to the }>ariete8 of the buib. The genera HeTnnthvs, 
Ileplanchus, Centrophorits, and Trygon have four rows of valves. The 
preparation of the heart of the Raia Batis(^o. 905). ) shows five rows, 
the valves increasing in size to the last row, which is at the termina- 
tion of the bulb. iScymmis, Sf/uafi?ia^ and .l/y//o/>r//t« have alxi li\ c 
rows of valves. In the Cephaloptera the large bulbus arteriosus* 
presents intemtdly three longitudinal angular ridges, at the »dcs of 
whidi are small valves ^qyosed in pairs, and in four or five rows: 
besides these there are three larger valves at the beginning, and three 
at the end of the bulb. The valves are still more numerous in the 



* I found its cantj more eapadom than ibat of the contracted wntride. 
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Granoid fisbe.s, and are arranged in longitudinal rather than in trans^ 
Terse rows : the Polypterus diows three such rows of nine or ten 

larger semilunar valves alternating with as many rows of smaller 
valves. The Lepitlosteus has five longitudinal rows of sub-equal 
valves : those at the t ad of the bulb being always the largest and 
most elRcient. * In the Lcpido^iren the place of valves is sup- 
plied in its long and twisted luilbus arteriosus by two lun;.Mtiidin?»l 
ridfrf'?^ ^)tt ^^'^^ intero.^tiii;: st;i;ios, which we hav(» ^n-t-n Xm- 

cn)'^ tliruu;:li ihe liiglily or<;;uiis(_Ml (lanoids and Plagioatomes, in the 
partition of the bulb into distinct arterial trunks lor the systemic and 
pulmonic circulation, being most advanced in llos aiiijdiibiouft ti*h. 

Tiic uuriclc iti ihc Lt pidosiren annectens is essentially single, but 
has two ear- like appendages.^ venous sinus communicates with 

it without any interTeiting Talre ; the auricle receives the vein from 
the air-bladder by a diatinct apertorei dose to the opening into the 
ventricle ; regurgitation into the vein being prev^ted by a liard 
valvular tubercle, which also projects into the ventricle.§ The ven- 
tricle (ib. h) is single, like the aoricle ; its inner parietes are very 
irregular: a ^trabeeok* projects from the lower part of the cavity, 
like a rudimental septum: a smaller transverse 'trabeeula' arches 
over and acts as a valve to the single auricnlo-ventricnlar opening, 
but there are no proper membranous semilunar valves. 

The muscular parietes of the ' bulbus arteriosus* are distinct in all 
fishes from those of the ventricle ; they may be overlapped by these, 
but an aponeurotic septum intervenes between the oric!;in of the 
bulb and the overlapping ventricular fibres (see prep. No. 910.). 

BRANCHIAL VESSELS AND GILLS. 

The primary division of the branchial artery in the Myxinoids has 
been already described. Each gilUsac receives, either from the trunk 
or its bifurcations, its proper artery. The leading condition of the 
gills in other fishes may be understood by supposing each compressed 

• x«v. pi. 'u. f xxxm. p. S4S. pi. xxvi. fig. 2. c. X P- 

$ A true Ri-cond auricle consists e^«!fiitia!ly of a dilatation of tins lioniologue of 
the 'vena pulmonatis.' I lyrfl ( < x\iv.) errs in stating that the tibro-ciirtil;iginoii<t 
tuberele below the aiirlculo-vL-Mtricvilar aperture was ♦« weder v«»n BiacItoflT noeh 
Owen angegeben." It is discrilied in my Memoir (\xin.\ p. 345. : " It empties 
its contents into the ventricle by a distinct orifice, pmtt ctcd }>ii a cartilaffinous valvular 
tiAereU :" and the tubercle is figured, from the auricultir side, in pi. xxvi. fig. 9.t 
where a bristle is placed above it, as in fig. 71. Ilyrtl f^ives a figure of the same 
'cartilaginous tubercle' as "dicken eirurmigen harten fascrknorpel " (p. 35. ), or 
" fibro-cartilaginiise Stempfel" (p. 60.), from the ventricular side, tab. i. fig. 3. «, 
It is true that this sini^ulrir body escaped the notice of Dr. niscbofT, who, believing 
that the Lepidusiren was a reptile, overlooked many things that were, and saw 
somv tilings that were not, in its organisation; c.^. two dialinct surielet, and a 
nasal meatus commuairating wUb the mouth. 
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sac of a Myxiuc {Jig. 66. m) to be split through its plane, and each 
half to be glued by its outer smooth side to an intermediate septum, 
which wonU then support the oppontehalTes of two distinct sacs, and 
expose their Taseahur mncous smface to view. Fkrodnce these yascolar 
sorftoes into hunelle, pectinated processes, tufts or filaments^ proceed- 





Two glll-uct, Bdello* 

alaina. Two frlll-iaei. Lamprfy. 

ing from an intermediate arch or basis of support, and ynn Itnvc the 
gill of an ordinary osseous or cartilaginous fish. Such a gill is the 
homolofiue, not of a single gill-sac, but of the contiguous halves of 
two distinct gill-sacs, in the Myxines. Alrea«lj, in the Lampreys, the 
first stage of this bi-partition may be seen { fig. 67. i»\ and conse- 
quently in these Dermopteri, as in all higher fishes, a diti'crcnt ar- 
tery goes to the anterior branchial surface of each sac or fissure 
from that which siij)plios the posterior branchial surface of the .-anie 
fissure; whilst one branchial artery is appropriated to each supportinpf 
septum or arch between the fissures. Before describini: the branchial 
vessels it will be necessary to describe the organs upon which they 
ramify. 

In the Lampreys and Plagiostonies each supporting septum of the 
two (anterior and posterior) branchial mucous surfaces is attached to 
the pharyngeal and dermal integuments by its entire peripheral margin, 
and the streams of water flow ont by as many fissures in the skin 
(ib. k) as those by which it enters from the pluu-ynx (ib. f) : these are 
called * fixed gills,' and the species possesring them are characterised 

as ' pisces branchiis fixis.* In all Osseona^ Flee, 
tognathic^ I^phobranchiate^ Ganmd, and Hole- 
cephalous fishes the outer border of the sup- 
porting branchial arch is unattached to the skin, 
and plays freely backwards and forwards, with its 
gill-soiiaces, in a common gill-cavity which has a 
single outlet, usually in the form of a vertical fis- 
sure : the species with this structure are called 
* pisces branchiis liberis.' In the Myxine the outlets 
of the six lateral branchial sacs {Jig- 68. »i) on each 
side are produced into short tubes, which open into 
a longitudinal canal (A), directed backwards, and 
dischaiging the branchial stream by an orifice {h) near the middle 

» 2 




BranehUl orsiM. 

Mfxine. 
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line of the ventral surface: between the two outlets of these lateral 
longitudinal canals^ hut nearer the left one, is a third larger open- 
ing (t)y which communicates hj a short duct with the end of the 
long cBBophagus (I) and admits the water> which passes from thai 
tube by the lateral orifices (/) leading into the brandbial sacs. 
This is tiie first step in development beyond that simpler oonditioti 
which prevaib in the Lancelet, where the whole parictcs of a 
muc!) dilated ocsopliagus (^ff. 46. rr) arc organised fiir respiration ; 
and besides the pharyngeal opening (pA), the sac communicates by 
a short and wide ' ductus ocsophago-cutaneus ' (ib. o</), with the 
external surface, and also with the peritoneal cavity. The common 
respiratory surface of the ccsophngus is ciliated in tlic Lancelot. The 
sars developed iVoiii the opi«opliugus, rmi] j*pecially set apart for rf-pir- 
atidii in the Myxinoids, have a liighiy va.«cular, but not a ciliated 
mucous surface; this is disposed in radiated iolds, and is further in- 
creased by secondary piicie. The seven branchial sacs on each side 
of the o soplia'rus have short external duets (Jfg. 66. A), whieh open 
by as many distinct orifices in the skin, in a Bpecics of Jidellosloma 
hence called heptatrema (prep. 1018.) : the internal braneiiiul ducta 
couunuuicatc by u& many openings {\.\i.J') with the ucsophagus. In 
the Lampreys there arc, also, seven stigmata on each side ; but 
another stage in the separation of the respiratory from the digestive 
tract is here seen, for each internal duct {Jig, 67*/) communicatea 
with a median canal, beneath and distinct from the cssophagus, ter- 
minating in a blind end behind, and communicating anteriorly with 
the fauces by an opening guarded by a double membranous valve. 

In all higher fishes the inlets to the branchial interspaces are 
situated on each eid^ the fifiuces, and are equal in number with tibose 
interspaces. The outlets are, with the exception of the Fiagiostomea, 
single on each side : they vary much in size ; are relatively largest 
in the Herring and Mackerel families, smallest in the £el8 and Lo- 
phioid fishes ; in some of the small Frog fishes (Antennarius), the 
circular branchial pore is produced into a short tul)e above each pec- 
toral fin. The power of existing long out of water depends cliiefly 
on these mechanical modifications for detaininf? a quantity of that 
clement in the branchial sacs; for fishes ju-rish when taken out 
of water, eliiefly by the cohesion and desiccation of their fine vascular 
branchial processes, through which the blood is thereby prevented 
from pas-iiiLC.* If Buthcicnt vvutcr can be retained to keep the i^ill- 
platci* lloating, the oxygen which is consumed by the capillary bran- 
chial circulation is supplied to the water retained in tlie branchial 
sac directly from the air. In some of the Eel tribe the small branchial 
outlets are closely approximated below, as in Sphagehrafichus ; and 

* cvi. p. 121. 
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they are blended into a single orifice in Symbranchwt^ analogous to 
that in tfao Hyziae. In aome Ghinoids* many Plagioatomea^ and all 
Stuigeonfl^ a canal leads fxx»n the fore part of each aide of the bran- 
chial chamber to the top of the head ; the outlets are called ' spiracles/ 
the canals *8piracuhir.' The nasal sac communicates in the Lamprey 
with the single homologous canal. 

The main purpose of the gills of fishes is to expose the venous 
blood in a state of minute subdivision to the influence of streams 
of water ; for that purpose the branchial arteries rapidly divide 
and subdivide until they resolve themselves into microscopic capil- 
laries, which are supported by a delicate membrane. Both this 
membrane and the tunics of the capillaries which it covers are so 
thin as to allow the chemical interchange and decomposition to take 
place between the carbonated lilood and the oxygenated water. 
The requisite extent of the supporting: membrane, or the rc>piratory 
field of capillaries, is gained by various modes of nniltij)lying the 
siirfnr<^ within a limited .«j)acc. In the Marstpohranchii and 7Ya- 
ffivstomiy for e\ani[ile, by folds of the membrane on plane surfaees: 
in the Lopholi (im hii by filamentous processes of the nieinl)ranc 
jrrouped into tuU-s; in the J'rotopieri^ by dauble or single fringed of 
filaments: in the rest of tlie class by the production of the membrane 
upon a double row of loner, compre.>.>( d, slender, pointed proceggcs, 
extending, like the teeth of a comb, from the convex side of each 
branchial arch. 

Each pair of processes has its flat sides tum^ towards contiguous 
pairi^ and the two processes of each pair stand edgeways towards 
each other, and are commonly united for a greater or less extent 
from their base : hence Cuvier describes each pair as a single bifur- 
cated plate ('feuillet').* 

In the Swordflsh {X^htas), the processes of the same pair stand 
quite free from each other ; whence Aristotle described this fish as ' 
having double the usual number of gills.t But to compensate for 
this independence, and to prevent the inconvenience of mutual pres* 
sur^ the processes of the same series are united together by little 
vascular lamellao^ so that the surface of the gill is reticulate rather 
than pectinate. 

In a few species the proccssea oi each pair arc joined together to 
near their apices : the most common extent to which they are con- 
nected is about two-fifths of their whole length, as in the Salmon. 
In the Orthaffnrisnis the processes of each Fories are not opposite, but 
alternate. In ttie Sturgeon, in which the processes of the same pair 

* «ztti. i. p. 979. f luu. t. viii. p. 192^ 
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are joined together nearly to their apices, the mnsetilo-membranoiiB 
medium of union extends £rom pair to pair throughout the entire 
gill, forming a true ' septum branchiale^' and presenting a beautiful 
transition to the more complete septum which divides the respirator 
Tascolar surfaces in the Flagiostomes. 

In some osseous fishes certain of the branchial arches support onljr 
one series of processes; such are called 'uniserial,' or 'half' gills; 
but> as a general rulci ihej support ' biserial,* w ' whole * gills. Most 
of the Labroids, the genera Coitus, Scorpana, Sebastes, Apistes, 2S€UM, 
j4ntennariusy Poli/ptemSy Gobiesox, t,^padogoster,im<\ the CyelopterU9 
liparis have three biscrial gills and one uniserial gill ; the genera Xo- 
phiuifBatrachuSy Diodofi, Tetrodorty Monopfcnia, Coff/liSf have three 
biserial gills ; Malthtta and Lepidonireu lia\ e two biscrial gills and 
one uniaerial gill; the Cuchia {Amphipnous) has only two gills. 
The above cnnmeration refers only to the brnnchial organs of one 
side— they ar^ ?;ynnnetrical in all fi8he>, and tlie nniseriai opercular 
gill is not rounted, as not being attached to a proper branchial arch. 

The procetises which radiate from the convexity of the branchial 
arches are bony in some fishes (e.g. Salmo, Alo.sa), gristly in most 
(Perca, Cottus, Tricjht, 8cc<.). They break \\\\ in the Sturgeon, into 
delicate V»ranclied fringes, along tlieir outer or free margin. SSmall 
* interbrunckiur muscles extend, tiirough the uniting septum, between 
the bases of the processes, for effecting slight reciprocal movements.* 
The mucous membrane supported by the processes is puckered up 
into minute transverse folds» crossing their flat sides and prodmnng 
an enormous extent of surface for the branchial capil]aries.t 

The concave borders of the branchial arches are usually beset by 
defensive processes, fringes, or tubercles, and these sometimes sup- 
porting small teeth which aid in d^lutition ; but the chief office of 
these appendage^ which prqject inwards towards the mouth, is to 
prevent the passage of any solid, nutrimental, or other particles taken 
into the mouth from entei'ing tin- interspaces of the gills, and irrita- 
ting their delicate texture. In the edentulous Sturgeon and Paddle- 
fish each arch supports a close-set scries of such retroverted slender 
tapering filaments {Jtg> Gl. f ), which are longer than the opposite 
brnnchial processes (ib. it") : they arc developed even from the fifth 
or pharynp^eal arch, which has no ijill. Similar frinjres of extrcmo 
delicacy defend the branchial slit in tiie JMullet (inep. 1034.). Fre- 
quently such a fringe is developed only from the first branchial areli 
(Mackerel and Cod, Jig. 69.), the rest supporting dentated tubercles, 

* CXU. CXIIf. 

t 1038. (Conger), :im\ its description (xx, 1834, p. S3.). Dr. llyrtl 

eouiMcd 1000 transverse folds on a single process or tooth of the pectinate giU of 
the SBlmon, mni from HOO to 1000 in a aimilar praectt in tfa« Slcrkt. 
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and tiie last or pharyngeal arch hp«et with ti eth only. Tn the Re- 
inora and manj other Fishc?, the dt lVnsivf tubcrL-h s on opposite sides 
of the same branchial lissurc interlock, like the teeth of a conr-wheol. 
In the Lepidosiren annectenSy or Prolo^teruSy short valvular jiro- 
ce^sscs are developed from the sides of those branchinl fissure s only 
which lead to the gills, the first and second arclu'> lia\ ing no gills. 
In the Conger, all the branchial arches ai*e devoid of defensive friiigcj* 
or tubercles. 

The immediate force of the heart's contraction is ap|>Ued bj a 
short and rapidlj divided arterial trunk upon the branchial circula- 
tion. Only in a few fishes is the heart removed backwards from the 
close proximily of the gills, and then the branchial artery is pro- 
portionally- elongated; as in the Eel tribe^ espedallj the Synbran' 
ehidm : the arteiy is long in the Ftamrotfra {fig* 61. «). The primaxy 
branches are always opposite and symmetrical, but vary in number in 
different species. Very commonly, as in the Perch, they are three in 
number on each aide ; the first branch dividing to supply the fourth and 
third pUs, the second going to the second, and the tliird to the first gill. 
In the Polypterus and Skate there are only two primary branches of 
each side: the first supplies the three posterior gills; the second, 
formed by a terminal bifurcation of the branchial trunk, supplies the 
anterior gill in the Polyptcrns, and in the Skate bifurcates to supply 
also tlic nniscriaT, opercular, or liyoid jzill. The Fox-SIiark (Alopias) 
and the Lepidosteus ( //</, 70.) give examples of four pairs of primary 
branches from the branchial trunk. Tn the Shark the first pair como 
oflT close together from the dorsal part of the trunk : the arteries of 
the last pair quickly bifurcate, and tlius each of the five branchial 
fissures receives its artery. Vt'r saw in the Myxinoids the excep- 
tional instances of the bifurcation of the branchial trunk by a vertical 
division into two lateral forks, extended in one species to near its 
base : the Lepidosteus presents the still rarer example of the trunk 
being cleft horizontally into an upper and lower primary division ; 
the upper or dorsal division sends off two branches on each side, the 
posterior dividing to supply the fourth (fig, 70, &) and third (ib. 4) 
gills, the anterior going to the second gill (ib. 3) : the lower division 
sends off the pair of arteries to the first pair of gills (!b» 9), tiien 
extends forward and bifurcates to supply the uniserial opercular 
gills {fig. 1.), which are present in this ganoid genus, as in the 
Sturgeon.* In all osseous fishes the artery of each Mserial pec- 
tinated gill extends along the grooved convexity of the branchial 
arch, between the bases of the processes, exterior to the vein : it 
gives off two branches opposite each pair of processes, which pass 

• Sec Prof- MUilcr's admirable Memoir, xxr, 
8 4 
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CoBiinpnrpmcne of Svttpmic Cireutatlmi? 

liailiii CaUaiiat, Miiller. 



outwards to the end of the uniting substance, and there sabdiTide* 
(in the Cod,) one twig extending along the internal margin of the 
branchial proceaa to its eztremitj, the other ivtrogniding along 
the same margin to its base: firom these marginal twigs the minattt 
transverse veuels are distributed to the fine branehial lamin» upon the 
sides of the process. The arterialised blood is earned to an eflerent 

TBSsel, returning along the ex- 
ternal margin of each branchial 

W\V^ 1^ N»!i7 » process, and by these is poured 

into ihe branchial vein O^fld. 
b). The four ydns on eaeh side^ 
which are analogous to the pal* 

monarj veins in man, unite to 
form the * aortic circle' (ib. a) 
mr ^ which encompasses the basi- 

ft f sphenoid (n). The current of 

arterialised blood flows forward 
at the fore-part of this circle 
into (he hyu-opfM-cuhir (e') and orbito-nasal (/>) urtcrios ; but the main 
streams an- directed backwards, and converge in the direction of the 
arrows to tlie aortic trunk. The carotids (c), the homologuos of the 
eubclavians (f/}sent to the pectoral fins, and sometimes the coronary 
▼esseb of the heart, are sent oil' IVoni the uortie circle. But no 
systemic heart or rudiment of a propelling receptacle is developed in 
any fish at the point of confluence cf the branchial veins. 

Small vessels are sent off firam the marginal branchial Tenoles 
bj short trunks^ which ramify beneath the bnmchiil membrane^ and 
become the < arterisB nutritis' of the gills: their capiUaries aie ool- 
leeted into venous trunks, which quit the gills commonly at both 
their ( xtreraities, those from the dorsal ends joining the jugular 
veins, tliosc from the ventral ends emptying themselves into the prss- 
cavals, or directly into the great auricular sinus.* 

Such is the outline of the general structure of the beantifbl and 
conjplex mechanism of the normal or pectinated gills of fishes. • 

Tliere an^ many minor mo<lifi cat ions of this form, some of which I 
am tempted to notice from the explanation of their * physical cause,' 
wliu h tliey receive from the known phenomena in the development 
of the gills; or from the light which the known habits of the 
species tiirow upon their * final purpose.' But, first, a brief sketch 

• Ihcsr • v,-iia> tuitnti.T' are iiiuiMi illy large in the C'nip j but are not, as Du 
Vcrncy Bupposcd (cvui.), directly continued from the true^Tens branch iali-s • • 
^rti t^*.i not, therefore, difcrt any of Che itCMin of arterudued blood from the 
aoru to pour it direcUj into the venrnn daue. See Miiller, ul 1841, p. S8. 
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of brnncliial development, taken chieflj from the observations of 
Kathke*, must be premised. 

Five branchial arches and live branchial arteries, or vascular 
hoops, are developed on each side in tlic embryo of all fishes above 
the DermOpteri, as a general rule.f At first the trunk of the bran- 
chial arteries simply bifurcates, the divisions passing round the plia- 
tynx and reuniting on its dors^ surface, to form the aorta. Behind 
this primaiy drde, which correapondb witli the fold developing the 
hjoid and mandibular arches, four additioiial arterial hoopB are sent 
of^ wblch trayerae^ witiioat further ramifieatUms, the eonves ride of 
the fonr anterior simple branchial arehes, and reonite above in the 
aortic trunk (y%r.79b »). If a lizth arterial arch is developed, cor- 
responding with the fifth branchial arch, as its presence in the Lqddo- 
siren would indicate^ it has not been observed, and must soon disappear 
in most osseous fishes. In these the gills make their appearance as 
leaflets budding out from the oonvexi^ of the four anterior branchial 
arches^ each leaflet supporting a correqxmding loop of the branchial ar- 
tery; and, as the bifurcation and extension of the primary leaflets and 
the pullulation of secondary laniinnc and loops proceed, the vascular 
arch b^ins to separate itself lengthwise into two channels, traversed 
by opposite currents, and thereby establishing an arterial and a 
venous trunk in relation to the loops and their vascular developments 
on the branchial processes. In osseous fishes the primary arterial 
arch, corresponding with the anterior or hyoid arch, dovelopes either 
a simple (uniserial) gill, or a plexiform, plumose, rudiment of a gill, 
or both, or ncitlicr. In the Lepidosteus the anterior vascular arch 
retains its primitive connection with the extremity of the branchi- 

arterial trunk, and (kvLlopes on each side 
a small uniserial pectinated /iff.70. \ ) 
from the membrane clothing the inner 
surface of the cerato-hyoid and pre- oper- 
cular bones: the vein or efferent vessel 
(e) of this gill goes to a smaller pecti- 
nated organ {ib, r\ consisting likewise of 
one series of vascular filaments, which 
agrees with the ' pseudo-branehia* of other 
fishes in being supplied- with arterial 
blood. In the Sturgeon, the Lepidosiren, 
and the Flagiostomes the repreie&tative 
of the primary vascular arch has become^ by partial bifurcation of 
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t The six-giHed Shark (ffextmd^) and the icren-glUcd Shark {BSipltmthu) 
are among tha few aieqiticMM. 
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the bnmclii-iirtcflal trunk, a secondary brancli, sent off by tlie artery 
of the f^r^t brancliial arch : but it nevertheless developi'S a simple 
gill, of one sri ies of filaments in the Lepitiosiren {Jh/. 71. l), and of 
one series of lamelhr in the I'higio.-tuiiics : and this scries is attached, 
like the opercular gill ul thr Ltpidostcus and Sturgeon, to the mem- 
brane supported by the Jiyuid arch. 

In most osaeous fishes we recognise the reduced homologue of the 
anterior primary vascukr arch in that vessel {fg. 69. e.\ which is 
contirucd from the venous or refluent division of the second primaiy 
vascular arch; not, as in the foregoing fishes, from the arterial 
division of that arch, or from the branchial trunk. The vessel in 
question carries, therefore, arterial blood : it manifests its primitive 
character bj returning into the circulus aorticus (as at e^,^. 69.^ but 
now receives blood from it, and is called *arteria hjo-opercularis :' 
the pseudo-branchia, when present (as at bX is developed from it. 

In osseous fishes the four normal biserial pectinated giUs are deve- 
loped only from the four antenor branchial arches; the fifth and last 
arch has no gill developed from it, but is converted, as we have sem, 

into a pair of accessory jaws. In the 
71 r-^- Lepidosircn, as in HexanchuB, the fifth 

arch supports a uniserial L'ill (Jig.ll. 6). 
In the Platiirostrd, altliotiiih the braii- 
'^vi^ cliial pectcn is not dcvi'lopcd from it, 
yet the same kind of Ion;; slender 
filamentary procoses project inwards 
from its concavity, as from that of 
each of the anterior four pairs of 
branchial arches. The five interspaces 
between the hyoid arch and the five 
branchial arches are originally exposed 
on the sides of the head of the embryo 
osseous fish ; the (q;»ereular and bran- 
chiostegal appendages are later de- 
velopments, and the single branchial 
outlet is the result of the formation of 
the gill-cover. Thus the numerous 
branchial apertures in the cartilaginous 
fishes, like the substance of their skeleton, are retentions of embry- 
onic structures. Very interesting arrests of development are also 
found in bony fishes. We have seen that the primary vascular hoops 
sweep over their n\-pe<jtiv<' nrches without scndin"; off any branches, 
the (,.^uh>c(piently) branchial veins beinir in the embryo direct con- 
tinuations of the branehial arteries. This primitive condition is per* 
sistent in the fourth branchial arch of certain Murscnoid fished of the 
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Gimges (Monapterus, Symbranchus)* ; it is persi&tciit in the first and 
second branchial arches of the cel-likc Lepidosiren {^Jig. 71, 2, 3). 
Such arches are, therefor^ gill-less, and a certain proportion only of 
tlw blood trtnsmitted ftom the heftrt is aerated in the gills: about 
one fourth, e. g» in Monopterus» goes direct to the aorta in its Tenoos 
state; a larger quantity wonld pass into the roots of the aorta 
(ib. o, o)» and mix with the general circulation in the Lepidosiren, 
were no part of the currait diverted by the vessds ^ into the lung- 
Uke modification of its air-bladder. 

The Hunterian specimensi Nos. 3255. and 3260. show the external 
branchial filaments in the embryos a Dog-fish and Shark ; three 
such filaments are retained on each nd^ for a long period, in the 
Lepidosiren anneetens. Accessory respiratory organs, analogous to, 
if not homologous with, the opercular gills, arc developed from the 
upper part of tho pharynx in the Climbing Perch {Anabas scandens) 
and allied tishes of amphibious habits; they are complex folds of 
highly vascular membrane supported on singular sinuous plates de- 
veloped from the epibraiicliials of the anterior branchial arches 39. 
48); whence thi- faniiiy of fishes is called L<ihyrinthibranchii. An 
accessory braiiciiial ramified vascular organ is similarly situated in 
the genus thence called Heterobranchus. From the rich vascularity 
of these organs they reserahle miniature trees of red coral; tiiey are 
hoiluw and mu.scular, serving not only for respiration, but, as Cuvier 
suggests, to aid in propelling the arterialised blood into the aorta. In 
the Cucliia {Amphipnuits)^ a fin less, snake-like fish, which lurks in holes 
in the marshes of Bengal, the second branchial arch supiwrts a few long 
fibrils, and the third a simple lamina fringed at its edge ; the first and 
fourth arches have not even the rudiment of a gilL The branchial func- 
tion is transfored to a receptacle on each side of the head, above the 
branchial arches, covered by the upper part of the opercular membrane; 
these receptacles haveacellalarand highly vascular internal surfiice ; 
the cavity communicates with the moath by an opening between the 
hyoid and first branchial arch, and receives its blood from the terminal 
bifurcation of the branchial artery, and also from the eflerent vessels 
of the mdimental gills. Those from the supplemental lung-like 
vascular sacs ore collected into two trunks, which unite with tlic 
posterior unbranclicd branchial arteries to form the aorta. Thus 
about one half of the volume of blood transmitted from the heart is 
conveyed to tlie aorta without being exposed to the action of the air. 
Tliis amphibious fish is, as might be expected, of a sluggish and 
torpid nature, and remarkable for its tenacity of life. The homo- 
lognes of the superior branchial sacs extend in a Gaogetic Siiuroid 
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fish, tho Sinf^io, beyond tlio cranium, backwards beneath the doraal 
uiyocoiiunata tipon tho lUMirul arches of the \ ertebmr' to near the end 
ol" the tail, wh( n* they terminate in blind ends. The inner tunic of 
the sacs is a delicate vaseular nicndjrane, supplied by a eontinualion 
of tiic posterior braiicliial artery. The pOisitiun of the jtalatal opening- 
of the sac, in relation to the laminm of the second and third arches, is 
such that water can witli dilliculty penetrate them, and they are 
usually foimd to contain air. They ai-e not, liuwever, the homolo-^ues 
of the air-bladder or of lungs, though they are analogous to the latter 
in function. By this extreme moiUfication of the opercokr gill the 
Singio (to which the generic name Saeeobranekus is given bjCuvier) 
is enabled to travel on land to a great distance from Its native 
rivers or marshes^ and, like the Cuchia, is remarkable for snrviving 
the infliction of severe wounds.* In most fishes a rich devebpment 
of follicles on the walls of the gill-chamber supplies the branchial 
machinery with a lubricating mucus. 

ABTE8IE8. 

The fii-st structure most worthy of notice, in connection with 
this system, is the vascular body already alluded to under tlie name 
of * j>seudobranchia.' MormyruSy Cobiiis, SUunts, Gymnofus, MurtB' 
nop/ils, and Murmia are examples of the few genera in which it has 
not been <letected. In almost all otlicr os.^cotis fif^hes it is present, 
situated on ejich side of the bend, in advance of tlic dorsal end of the 
first bifcrifd gill, under the torm either of a small exposed row of 
vascular Jilaments, like aunisi ria! gill (as in all Scia;noids and many 
other AcantJiojileriy ilmPleuromrtidtc, and the 7a pidosteus (^fiff. 70. k); 
or, as a vaso-ganglionic body, composed of parallel vascular k>bes, and 
covered by the membrane of tijc branchial chamber (as in TTmr, Cy- 
primu, GadttSy Jig. 69. r). In both eases the vein or cllerent vessel 
of the pseudobranchia becomes the ophthalmic artery (ib. A), and the 
choroid * vaso-ganglion/ when present, is developed from it The Stur- 
geon, like the Lepidosteus and I^pidosiren, has a uniserial opercular 
giJ], the bomologne of the first so-called < half-gill 'of thePlagiostomes* 
But, besides this, Von Baer discovered, on the anterior wall of the 
*spiraculiur canal,' a small vascular kunellate bodj, which is the 
true pseudobranchia. It receives arterialised blood hj a vessel sent 
ofl* from the vein of the first biscrial gill; which blood, aOer being 
subdivided amongst the innumerable pinnsitifid capillaries of the 
l>seudobrancbia, is collected again into the efferent vessel of that 

* cxriu 
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Ibody, which divideB into the arlery for the brain (encephalic), and 
that for the eye (ophthalmic). The pseudobranchia is thus a Idnd of 
rete mirabile for both the cerebral and ophthalmic circulation in the 
Sturgeon* : in osseous fishes it stands in that relation to the eye only^ 
and is most griK mlly associated with the more immediate ophthalmic 
*rcte mirabile,' called ' clioroid gland' {Jig. 0(3, o). Tlie pseudo- 
branchia coexists with the hyoid uniserial gill in most Flagiostomes ; 
and in those that have the spiraciila it is developed, as in the Stur. 
o;oon, on the anterior wall of each ol" those temporal outlets from the 
branchial eavity : its * vena arteriosa* supidies tlie eyes ami pnrt of 
the l>rain ; and it is important, also, in reference to a true and eiear 
idea of tlic function and lionioiogy of the 'pseudobranchia' in fishes 
generally, to bear in mind that it co-exista in the Plagiostomes, 
Chima^roids, Sturfjpons, and some osseous fishes, with the vaso- 
ganglion 8Up[>lit-tl by vessels from the anterior branchial veins, 
which lies between the anterior basi-branchials and tlie sterno- 
hyoid muscles.| Besides the small nasal and orbital arteries, and 

• See »«. 1841, pp. 41 — 67. 75. for a most valuable and exact •pcetflcatSon of 



(p. 890. > Mr. iSmott'h opinion, that it btbo •thyroid gbnd' of Cartilagiiious 

Fi'hc is more in acconlance whli its nature as n vaso-pmglion, and its relative 
position. But UDce it co- exists in Cartilaginous Fishes with the actual homologue 
of the pflendobtancliUe of CkMous nahcs, thne cannot be, as Mr. Smcm contcndt, 
the thyroid glands of sutli rtslios. Tliat the parts which the accomplished author of 
the paper cxvi. describes as the thyroid glands in the £xoo«tus, Fike. Anablepe, 
Carp, and some ipecice of the Cod tribe, are die same bodiei whidi Mttller had 
proviously described as • p«;cudnbranchi.T ' in those fishes, will be manirL-.t l>y rom- 
paring the descriptions of the tt<ro anatomi^its. " In the Gadidet the gland is 
double; one portion liei on each side, not as in the last case [the sublinKual vaso- 
gan;;lion of the Sturgeon is alhuled toT at the anterior extremity of the first hrantliial 
arch, but near its posterior or vertebral end." (Simon, Philos. Trans. 1844, p. 300. 
Compare with this MuUer, x%u 1841, p. 47. tab. ni. fig. 13.) 

Prof. ^liillcr's description of the 'pseudobranchia"' of the Carp is as follows:— 
* Die verborgcnste Lagc hat das Organ bei (^ffrinia Carpio und Carattiu*. Es ist 
nieht bloss von dem bewef lidien dicken Gaumenorgan bedeekt, sondern selbat von 
knocheii verliiillf. i; findet cs nach Wegnahmo des coiitractilen Gaumen- 

orgaus zwiscben dem luntern £nde des queren Gaumen-muskels und den obem 
flehlundknoehen.'* (zsl 1841, p. 47.) Mr. Simon's aeconnl of the thyroid gland 
in the same species is as follon's : — 

In the Carp especially it is at considerable depth, being hidden by the extraor- 
dinary thidcness of the soft palate^ and imlMddcd between the surtwe of the ptery- 
goid muscle and the outer estremity of the brandilal bone." (Philoa. Thwa. 1844, 
p. :kx).) 

It is obrions that all the parts described as 'thyroid glands* by Mr. Simon, in 

Osseous Fishes, are tlie ps.eiidobranchia' ; and the autlior recognises that homology 
in re^rd to the free gill-like forms of pscudobranchise described by Broussonet 
and Meckel in Aemtihopterygii and T k un mteHdtg, That these 'pseudobranohlai* 
receive arterialisecl blooil, and are thus e«^ntially distinct from the hyoid or oper- 
cular uni«erial fin in the Sturgeon, Lepidosteus, &c., had been clearly demonstrated 
by Prof. MiiUer (L o. 1841). Tlwre remains, then, to conrider the relatbns of the 
'pseudobranchia;' of FisJies with the thyroid glands of Mammals. Tliese may be 
either relaticms of analogy or of homology. The former would be determined by 
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the liyo-npercular, from M'hich the proper oplitlialmic artery Is de- 
rived, the cnrotids are u.^ually sent olV from tlie ' tirculus aortiVus.* 
In the Chiiuxra the carotiils arc transmittetl directly from the an- 
terior brnnchial veins; and, iu tlic Pike, tiie artery ot' the pectoral 
fins (brachial) i? transmitted from the common trunk ot' the two 
anterior brancliial \ eins. In the Myxiuc? an anterior, well as a 
posterior, aorta is continued from the common confluence of the 
branchial veins. In all higher iidhes the |»o6terior aorta is the onl^ 
systemic trunk so formed. 

This aorta extends beneath fhe bodJei of the Tertebra along the 
abdimiai and through the hnmal eanal to the ead of the taiL In 
manjr Cjprinoid fishes it dilates beneath eidi abdcnninal Tcrtebim 
into a sinns. It gives off intercostal arteries* and, with less rego* 
laritj, numerous small branches to the kidneys. The first prindpal 
visceral branch Is the ' cnliaci' which sometimes, as in the Burbot^ is 

•bowing that the parts in qucitioa pciferiMd (hft tuno iuaetiom in tfa« tw» 

Mr. Simon conccivM tint the thyroid glanil **inmiiitaim an intimate rdatkm to lie 
vneiJar avppljf of the brain" The pseuddbrnnclii.-v. howovor, arc not diverticula to 
the cerebral circulation in Omcous Fubes, but oolj^ to tbe opbtbalmic circulation, 
and in most cases are subsidiaiy, in tbia respect, to the dioroid vaiio-ganglion. 'Hie 
internal orotid or encephalic artery in Osseous Fislies is :i division of an artery 
sent off from a part of tbe * circulus aorticus,* A>rmed by tbe three poctertor pain 
of branchial veins : the artery of the pseudobranehiv i« given off ftom tbe anterior 
branchial vein, or from the hyo-opcrcular artery, or from both : its subsequent 
modification cannot therefore ailect tbe currents of circulation through the gills, 
with whoae efibrent veaaels it has no connection, and from which vetaels the ence- 
phalic arteries are derived. In the Sturgeon and I'lagiostomcs, indeed, the pseudo- 
branchia; may, and doubtlcaa do» act aa diverticula to the cerebral circulation ; 
but it is precisely in tbeae fishes that Mr. Simon transfers the tuune and Unction of 
thyroid gland to another vjiso-ganjjUonic body, viz. Retzius's sublingual gland. 
Mr. Simon was acquainted with the existence of this bodj, and also of the supple- 
menury opercular gill in the Sturgeon, but he seems to iiave overlooked tbe paeudo. 
branchiie, whieh, in this fish, hold precisely that relation to the cerebral vessels 
which would have best supported Mr. Simon's determination of the pseudobranchia; 
as the thyroid gland. I consider, however. Professor Muller*s comparison of the 
pseud<ibranchiat in the Sturgeon with the ento-carotid plexuses of the Ruminants 
to be a truer and more natural view of their analogies. As to the question of 
* homology,' which is to be determined bjr conndenrtion of the organic connections, 
retltive position, and development of the parts in question, it is obvious that i( 
by a consideration of tbeae characters, we admit the sublingual body of the higher 
Cartilaginous Fishes to be. of all the vascular ganglions in or near the head, tliat 
which most nearlj repeats the homological conditions of the thyroid gland of higher 
Vertehratf<!, we cannot regard the vascular ganglions, which maintain a diametricjily 
opposite position in regard to the branchial arches, as being also parts answerable to 
the thyroid glands. 

If any thing were wanting to convince an anatomist holding that view, viz. 
that the pscudubranchixe are the homologues of thyroid glands, of the fallacy of 
such a view, it would be the fact of their co-ezisting in some fishes with a vaso- 
gaoglion having a much better title to be so considered, and which is actually 
deaeribed by the ingenious author of the paper in the Philosophical Transactions as 
the thyroid gland in those fishes; thougfa ill relations to the heart and great ves- 
sels in tbe Flagiostomes and Sturgeone eeem to ^ve it more claim to be regarded 
M the homologue of the thymus. 
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sent off from the posterior part of the 'circulus aorticu?;' and in 
some Siuirks by two trunks from the name part. The next branch 
is a posterior mesenteric, which varits in size according to the extent 
of the intestinal canal supplied by tlie celiac. Between these, in 
some fishps, the braehial arteries are s<>nt off from the abdominal 
aorta: these vessels in the large-fiuned Torjtedos and Chinixraj have 
a partial in\e?tinent of muscular fibres, like secouUary bulbs, to 
accelerate the circulation through them.* 

In the Porbeagle Shark (Lamnm eormMca) the two celiac arteries 
each split into a bundle of small arterioles, which interlace with a 
similar resolution of the hepatic veins to form a mixed fasciculate 
' plexus mirabilis' between the pericardial septum and the liver. The 
arterial blood is collected again into a trunk on the outer side of each 
plexus ; and is distributed by the ramifications of those trunks in the 
ordinary way to the stomach and inte8tines.t The arterial branches 
to the q»iral valTe in the Fox Shark are remarkable for the rich 
bundles of twigs by which they distribute the blood to that produc- 
tion. In the Mediterranean Tunnies (T^ynmu and Auxis) the 
branches of the ca3liaco.mesenterie artery sent to the stomach, the 
pancreas and the intestines, severally split up into similar fasciculate 
plexuses, which are interlaced ^vith eorresponding plexuses of the veins 
from those viscera prior to the formation of the portal trunk. But 
the most common modification of the visceral va.eeidar system is tlic 
sudden division and termination of a branch, usually of the gastric 
artery, in a small body chiefly composed of tli»^ cellular beginnings of 
the returning veins, forming the vaso-ganglion so constant in all 
higher Vertebrates, and called the 'spleen' {Jif/. 61. n). It is not 
present in the Lancelet ; and the glaud-likc bodies near the cardia in 
the Cyclostomes, and near the pylorus in the LLpiaoj«iren, which some 
have called 'spleen,' arc more like the recognised rcuinaiiis of the 
vitellicle in osseous fishes, where a true spleen is actually present. 
The vein of the spleen always contributes to form the 'vena portss;' 
but it is important to note that it is not essential to the formation of 
that vesseL The absence of the spleen in fishes is concomitant with 
the absence of the pancreas ; and the increased rise and oomplextty 
of the spleen is associated in some fishes with a corresponding 
development of the pancreas. Thus there is an accessory spleen in 
the Sturgeon; and the spleen is divided into numerous distinct 
lobnles in Lamna, Selache (see part of the organ in Jig, 64. $), and 
some other highly organised Flagioetomes. In most osseous fishes 
the spleen is appended by its vessels, and a meso-splenic fold of 



f XXI. 1841, p. 99. pi. 5, 
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peritoneum to the lnn(lcr end or bend of thr Ptomach, or to t}\e 
beginning of the intestine: it is of variable bin toniHionly ti iniL^nlir 
shape : of a deep red or brown-red rolonr, and soft and spongy : the 
Ten > us cells of which it is chieil/ composed are tUlod with granular 
corpudcles* 



LECXUBE XI. 

PNEUMATIC AND &ENAL OE6AN3. 



AIRpBLADDKR. 

Tax organ bo denomioated U found, in moBt osseoua fishes, in llie 
form of an elongated bladder, tensely filled bj air, extending along 
the back of the abdomen, betvreen the kidnejs and tbe chylopotetao 
viseem, and sometimes (Gjfmnoiitt, Ophioe^^kaius, Cohuf) beneath 
the caudal Tertebnn to near the end of the taiL It is seldom bifor- 
cated (as we see it in some species of Diodtm, Tetrodon, Dacty- 
lopteruSf JPimelodns, Prionotus) ; still more seldom divided length- 
vi ( into two bladders {Arius^ GagorOi Potyptertis, Lepidodrem^ 
^ff' 71" PiP) i itisoftener divided crosswise into two compartments, 
which intercommunicate by a contracted orifice (Cyprinidtp^ Jig. 58. 
p Charncinidfp) ; or are quite separate {Bttgnis /rlamenfof^us, 
Gymnotus equil<ibiatHs.) In the Siluroid genus Pfinyusiiis the air- 
bladder is dividfMl into four loiin-itudinally succeeding portions. In 
the Trixjla Inmiulo the swiiu-biaddcr is notched iinteriorly by one 
indent, and posteriorly by two indents, from which nofclies septa 
project inwards.: soraelimcs the air-bladder is divided partially, both 
lengthwise and crosswise {Cobiiis Jossilift, Auchenipterti$ f urea f us, 
some Rpecies of J'unelodm). Sometimes the bladder sends fuiwui ds 
two blind processes from its forei)art (Sphyrtena barracuda^ Trigla 
eueubis, Conodon antUlanut, some species of Micropogon and OtO' 
Uihui) ; sometimes from its hind part {Candkarit vulgaris, LeAfimit 
atianHtutg ffeUatet Misofafus, some qiectes of SiUagoy Mema^ and 
SmarU) ; sometimes from boA ends {Dubs maeuiaHu, Phnelipfertti 
tJtyfennU, LaetarktM ddtaUiUvs). The Bearded Umbrina has three 
slender cncal processes from eadi side of its air-bhidder s the allied 
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** Maigre" and other species of Seianoy with most of the Corvitut, 
have veiy numerooB lateral pneumatic ckcsl, which are more or lest 
ramified.* In gome species of CheUonemus an<! Gadus blind pro- 
cesses are continued from both the sides and end.s of the air-bladder 
(see the anterior ones in Cadus eaUarias, fig. €t9. \, p). In Gadus 
Navavaga the lateral productions expand, and line eorresponding 
expansions or excavjitions of the abdominal parapophjses, thus fore- 
shadowing the pneumatic bones of birds. 

The pro])er walls of the air-bladder of ordinary osseous fishes 
consist of a shining silvery fibrous tunic, the fibres being arranged 
for the moat part transversely or circularly, and in two layers 
{Jig. 58, q r) : they are contractile and clastic ; but the walls of the 
anterior compartment of the air-bladder of Cjprinoids (ib. p) are 
much more clastic than these of the posterior one. The air-bladder 
is lined bj a ddicate mncons membrane, with a * plaster-epithelium ;* 
it is more or less covered by the peritoneum. Its cavity is commonlj 
simple ; in the Sheat-fish it is dirided hy a Tertical longitudinal 
septum along three-fourths of its posterior part, f The lateral com* 
partments are subdivided by transverse septa in many other Siluroids 
(c- g> genus Bagnu) : the laige air-bladder of some species of Ery- 
tkrmua (e. g. E, utivut, tmniaitu) is partially subdivided into 
smaller n ils. The cellular subdivision is such in the air-bladder of 
the Amiot that Cuvicr compared it to the lung of a reptile | ; and 
the transition from the air- or swim-bladder to the lung is com- 
pleted in the Protopterut or Lepidosiren anneetenSf in which the 
cellular suhdivision and multiplication of the vascular surface are com- 
bined with a complete bilateral partition of the bladdi r into two 
elongated sacs, with a supply of venous blood from a true pulmonary 
artery, and with the communication of the ductus pneumaticus, as in 
the rolypterus, with the ventral surface of the oesophagus. 

At the lirst introduction into the Animal Kingdom of a true lung, 
or air-breatliing organ communicating with the pharynx or teso- 
phagus, much variety of form and .structure, much inconstancy even 
as to existence, might be expected, especially in that class in which 
the uonii.il function of the new organ could be so seldom in any 
degree exercised, and in which, therefore, different accessory or 
subordinate offices predominate in such rudimental representative of 
the pulmonary organ. There is no swim-bladder, for example, in the 
orders Dermopieri, BoloeephaH, and floffMomi ; it is present m one 
of the families {Gadida) of the thoracic suborder of AnaeatUhiiUf 

• Sec XI XIX. i. p. 94., after Cuvier et Valenciennes, xxui. pi. 138, 139. 
t cxiv. iL p. 33. pi. 6. fig. 4, \ niw. il p. 377. 
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and not in the ollior family {Pli uronectid(i ) ; liore wo can associate 
its absence with tlie peculiar flattened t'urni ami jrrovelling habitis 
ot the species. In like manner we may account i'ur the absence 
of the air-bladder in the Angler {Lophws)y which habitually keeps 
the sea-bottom : but the mechanical • xplanation of the ab:?ence 
or ludiiiiental condition of the swiiii-ijhiil icr is nut so obvious in 
regard to the Acanthopterous gciieia iVrcw, Percophis^ EleginuSy 
AuxiSy TrachypteruSf and Gymnetrus, A large and often comjdex 
aiT'^blsdder exiBta in most c>f the Siluroid flBbes; but the genera 
LorieariOf Rkindepisy and Jlypostoma are exceptiims in that family, 
having no air-bkdder. What is more inexplicable % that while some 
species of the same geaos» Poljfnemut and Scomber for example^ have 
a large swim-bhiidder, others want it, or have it of extremdj small 
size. The Tariation in respect to the presence or absence of an air- 
duct (diKdifs pmumalunu) is expressed in the characters of the orders 
in the Classification of Fishes, pp^ 48 — 50. The duct, which is shown 
bj its place of communication with the beginning- i f the oesopbagus, 
and by the rudimental larynx, in Folypterus and Lepidosiren, to be the 
homologue of the trachea of air-breathing Vertebrates, is a simple and 
delicate membranous tube; but it presents considerable variation in 
its lenf;^th, diameter, and place of communication with the ali- 
mentary tract. In the TTerring the ductus pneumaticus is produced 
from the posterior attenuated end of the cardiac division of the 
stomach*, and opens into th*; In i form air-bladder at the junction 
of the middle and posterior tliir*!,^ ul thnt oriran. The long, narrow, 
and flexuoufl ductus pneunuiticus is eontiniu tl IVdin the forc-purt of the 
posterior division of the air-bladder in tlie Lyj)riuoids, and opens into 
the dorsal part of the oesophagus (Jig. 58. su) : the short, straight, 
and wide ductus pneumaticus, in the Lepidosteus, opens also into the 
dorsal part of the cesophagus, the orifice being served by a sphincter : 
in the Erytkrinu* the air-duct communicates with the side of the 
csaophagus ; in the Polyptems, with the under or vential part of the 
b^inning of the CBSoph8gu8.f 

The principal seat of the vascular ramifications in the air-bladder, 
like that in a true lung, is the mucous lining membrane; but 
the modes of ramification in the primitive piscine form of tlie air- 
breathing organ are as variable as any of its other properties. The 
arteries of the air*bladder are derived sometimes directly from the 

• ciiv. ii. pLviii. fig. 1. 

t 'Hiesc variations •how how Aitile i« tli» objeetion dtawn from the dorval com* 

tnunication of the swim-bladtlrr in lA'pirlnvttHW to the determination of the Lepido- 
siren to the dsM of fishes, and of the liuinulusr of ita lungs with the swim-bladder 
in tliat diM. 
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nhdominal aorta, amnetimea from the onUac artoy^ sometiinefl from the 
last brandiial vein ; and in the LepSdoaiien they arc continued from 
the aortic termination of the two noil*ramified branchial arteries 
{^g. 71. T), and, therefore, convey venous blood to the cellular, lung- 
like, double air-bladder. The veins of the air-bladder return, in aome 
fishes, to the portal vein; in some, to the hepatic vein; in some, to 
the great cardinal vein ; and, in the Lepidosiren (ib. //), they pene- 
trate, by a common trunk, the preat post-raval vein (ib. f), formed 
by tlie confluence of the visceral and vertebral veins of the trunk ; 
but instead of terminntirvj tluTe, the pulmonary venous trunk passes 
forward.^, tlirougli liie ^iuus and auricle, to the entry into the ven- 
tricle, and there terminators above the valvular cartilaginous tubercle. 
Thus the aerated blood from the kings enters the ventricle directly, 
instead of being previously mixed with the venous blood iu the 
auricle. 

The ▼Mcnlar system of the lung-like air-bladders of the Proto- 
pterons and Ganoid fishes forms no 'reCianiinihilia' or Taso gan- 
gUons, but reflolyes itself into a generally diffoeed reticnkr capillary 
system, whieh is mnch rieher Mid closer in the mote subdivided and 
thicker celluUr stnietnre of the anterior than of the posterior parts 
of the bladders in the Lepidosiren. 

In the osseous fishes the principal forms of the terminal divisions 
of the arteries of the aar-bladder are as follows : — 1st A resolution 
of the smallv ramifications into fan-like tuflts of capillari^ over 
almost every part of the inner surface (Carp). 2d. The formation 
of similar, but larger and more localised, radiating tufls (Pike) ; 
in both without any special aggregation of the capillaries to form 
a * vaso-ganglion.' 3d. The conversion of the tufts by rapid subdi- 
vision into capillaries ag<rregated so as to form red gland-like bodies; 
the capillaries reunitincr into larger vessels, which again ramify richly 
round the Ixirder of the gland-like body ; the rest of the inner sur- 
face of the air-bladder having the ordinary simple capillnry sfystem 
(Perch and Cod). In the Cod-lish, a lar^e arti t y, n branch of the 
caeliac, and a still larger vein, which empties itselt into tlie mesen- 
teric, perforate together the fibrous tunic of the swim-bhukh r. 
Before they reach the inner surface, they divide into some branches, 
which then radiate and subdivide upon the mucous membrane : the 
arterioles frequently anastomose together ; and the venules as fre- 
quently anastomose with each other: both are inextricably inter- 
woven and form the basis of the so-called 'air^gland,' which is 
essentially a large * bipolar rete mirabile ' of Mulier, or vaso- 

♦ XXI. 1S41, p. 194. 
T 2 
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gtngHon. This organ, hoirever* is further compos^fl of n number of 
peculiarly arranged, elongated corpuscles, which depend in two rows 
from each vascular branch, and are bound together by a loose cellular 
tissue : the corpuscles are beset with liuc viliiform processesk The 
blood returns from tiie vaso-gan^lions by small veins which rarely 
acconipanv, more commonly cross, th-' nrtories. 4th. The two chief* 
* retia mirabilia,' or vaso-gan^lion<s in the air-bladder of the Eel said 
Cungor, which are situated at the sides of the opening of the air- 
duct, arc also 'bip l:ir,' and consist of both arterioles and venules : 
their efferent trunks do not ramify in the immediate margin of the 
vaso-ganglion from which they issue, as in the vaso-gangliong of the 
Cod, Burbot, Acerine, and Pefch, bat ran for some distance before 
they again nxoify to form tbe oommon capillary system of the UniDg 
membrane of tbe air-bladder. Batbk^* failed to detect fbe open- 
ing of tbe air-dact with the cesophagiui in tbe Ed; but De la 
Roehe bad well described the obliqne aperture t> «nd aocnratdy 
cites tbe whole familj of the Eds as fishes having both the so- 
called < air-gland ' and the pneumatic duct. It had been supposed 
that the vascular 'air 'gland* was present only in those fishes wbidi 
could not derive the gazeous contents of their swim-bladder fircHU 
without ; and unquestionably in those fishes which have the shortest 
and widest ducts (Sturgeon^ Amia, ErythrinuSy Lepidostens^ Lepi- 
dosiren, Polypterus), the supposed air-s^reting vnso-ganglions are 
not developed. Since Professor Magnus has determined the ex- 
istence of free carbonic acid gas, of oxygen and of azote in the 
blood, and dissolved in different jin^pnrtions in the venous and 
the arterial blood, it may be readily conceived, as Professor Miiller 
well i-emarks |, that the venules of the vaso-gangliona may withdraw 
carbonic ncid ^ras from the arteriules, and that these may reach the 
inner surface of the air-bladder richer in oxygen and poorer in car- 
bonic aci<l than when they penetrated the vasio-ganglions. 

The air-duct may allow the gas to escape under certain circum- 
stances ; and the small size and obliquity of its orifice in many 
osseous flihes (Garp, Ed) seem only to adapt it to act as a safety- 
valve against high pressure when ^e fish auks to great depths, or 
sudden expansion of the gas when thsj rise to the snrfiice § : but 

* CIS. * Ucber die Schwimm-blasc einiger Fischc,' p. 98. f CSV. 901. 

i XXI. 1841, p. 98. See also Dr. J. Davy, in PhiL Timns. 1838. 

§ Neither the air-duet nor the elastieity of tbe air-bladder are equal to prevent 
the consequences of a too rapid removal from the enormoiM pressure which fishes 
auatain at great depths in the sea : those that are drawn up quickly by the hook 
are often Ibund to have the ur-bladder ruptured, and sometimes tlic stomach is 
protnidcd ftom tbe mouth by tbe pfemin of tbo audiieoly eKtneatcd ind eipaadod 
ge«. 
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in the higher organised species aboTe-cIted, with short and wide air- 
ducts, these maj, likewise, convey air to the bhulder. 

Tlie contents of the air-bladder consist, in most fresh-water fishc;', 
of nitrtjiieii, aud a very small quantity of oxygen, with a trace of 
carbonic acid gas : but in the air-bladders of sea-tishes, and espe* 
cially of those whicli frequent great depths, oxygen predominates.* 

the genera Aucheniptertis, Si/nodon^ Malapttrurns, and some 
other Siiuroids, the axis vertebra sends out on each side a slender 
process, which expands at its end into a large round plate : this is 
applied to the side of tlie air-bladder, aud can be made to press upon 
it, and expel the air through the duct by the action of a small muscle 
arising from the skulL la some species of Godttt muscular fibres 
extend from ilie vertebral column upon the air*bladder. The nerves 
of the air-bladder axe derived from the vagus after it has received 
organic fibres from the sympathetic (Jig. 6S, I). 

Viewing the general modiflcatioiis and rdations of the air-bladder 
throughout the class of fishes^ we cannot but discern and admits not- 
withstanding some seeming capricious varieties^ that its chief and most 
general function is a mechank»l onei serving to regulate the specific 
gravity of the fish, to aid it in maintaining a particular level in its 
element, and to rise or sink as occasion may serve. The general 
law of its absence in the parasitic and suctorial Dermog^eri, and 
in all gronnd-tishes, a;; the Pleuronectida and Ray-tribe, supports 
the above conclusion. Borelli found that those fishes, whose air* 
bladders were burst, sank to the bottom and were unable to rise. 
Nor does the absence of the air-bladder in the surface-swimming 
Sharks militate airainst this view of its pliysical function: for 
though the air-bladder serves, it also enslaves. It opposes, for 
example, those fishes that possess it i?i their endeavours to turn 
on one side, and it demafids a conslaiit action f>f tlie balancing 
hns to prevent that complete upsetting of the b^ily which it oc- 
casions from tlie weight of the superimposed vertebral column 
and nniscles wiien life and action arc extinct. The Shai'ks re- 
-Hili e, by the position of their mouth and their common pursuit of 
11 wag prey, freedom in turning and great variety as well as great 
power of locomotion: if they are not aided bj a swim-bladder, 
neither are their muscular exertions impeded by one ; whilst their 
swimming organs acquire that degree of development and force 

* Humboldt found the gas in the air-blsdder of the electric Gjrmnotus to con- 
sist of 9u° of nitrofien nnd 1'' of oxygen. Biot found 87° of oxygen in some of 
the deep-sea Mediterranean fishes, the rest nitrogen, with a trace of carbooic acid. 
Na bydiogcn bes «v«r bera delcelMl in tlio air-blMldem of lltbn. 

t cxzix. cap. SS. 
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which suffices for all the evolutionB they are culled upon to per- 
form. With regard to the accessory cilices of the air-bladder in 
relntion to the 8eu>e of hearing, tlie chief of these remarkable modifi- 
catiun- by which it is brouglit into coniiiiuiiicaliun Avith tlic acoustic 
labyriiuli liave been already dej>cribed in a former Lecture (p. 210.). 
In a few genera {Trigla, Pogonias) the air-bladder and its duct 
are sabserrient to the production of sounda. 

JJnAet all its dhrenities of stnietiire and fimetioii the homology of 
the 8wim-bl«dder with the lungs is dearlj traceable ; and finally, in 
those orders of fishes which lead more diiectlj to the Beptilla, as^ for 
example, the salamandroid Gatwidei and l^iOopteri, those fturtfaer 
modificadons are superinduced upon the air-bladder, by whidi it 
becomes also analogous in function to the lungs of the air-breathing 
Amphibia. 

The species of Leptdodren, ihe anatomy of whieh is described in 

the Linno^an Transactions * and in these Lecturei^ inhabits a part of 
the river Grambia, which in the rainy season overflows extensire 
tracts, that arc again left dry in the dry season. The Lepidosirens, 
which do not follow the retreating waters, escape from the scorching 
rays of the African sun by burrowing in the mnd, which is 3oon 
baked hard above them ; but they maintain a communication with 
the air by a small aperture, and coiling themselves uj) in their cool 
chamber, clothe themselves l)y a laver (jf thick mucous secretion, and 
await, in a torpid state, the Tctuni di' the raiii'^ and the ov<'rflowing 
of the mud-banks. The advent oi tiieir proper eleiiieul wakes tliera 
into activity : they then emerge from the softened mud, swim briskly 
about, feed voraciously, and propagate. 

The peculiar modifications of the gills and air-bladder of the Lepi- 
dosiren are precisely those which adapt them to the peculiar con- 
ditions of their existence. In the inactiYe state into which they are 
thrown by their fatse position as terrestrial animals, the circulation, 
which would have been liable to be stopped bad all the branchial 
arteries developed gills, as in normal fishes^ is carried on through 
the two persistent primitive vascular channels 71. 9 and a). 
Whatever amount of respiration was requisite to mMntow life during 
the dry months is eflbcted in the pulmonary air-bladders $ its short 
and wide duct or trachea, the CBsophageal orifice of which is kept 
open by a laryngeal cartilage, introduces the air directly into the 
bkuL^rs: the blood transmitted tlirough the branchial arches to the 
pulmonary arteries (lb. I') is distributed by their ramifications over 
the cellular surface of the air-bladders, and is returned arteriaiiscd 



Digitized by Google 



AIB-BLADDEB OF FISOES. 



279 



by till? pulmonary veins (ib. />, //). A mixed venous nnd arterial 
blood IS thence <li.-i r iljutcrl to the sysU^m, find afinin to the air-bladiltJif. 
True arterial blood exisl.H only in the puhunnary veins, and unmixed 
venous blood only in the system of tlie ven;e cuvie ; whence the ne- 
cessity, apparentl), ior that peculiar arrangement by which the ar- 
terial blood is conveyed directly to the ventricle hy ihe pulmonaiy vein. 
When the Lepidosiren resumes its true position as a fish, the bran- 
chial dxeolatiMm is vigorously resumed, a larger proportion of aiteorial- 
ised blood eaten the aorta, and both the nerrons and muacular 
systems receive the additional stimulus and BU[)port requisite for the 
maintenance of their energetic actions. 

Anatomists and physiologists are not yet unanimons as to the ho- 
mologies and analogies of the respiratoiy organs of fishes. Indeed 
the essential distinction of those relations has seldom been dearly 
kept in view. When we read in the latest edition of the Comparative 
Anatomy of Cuvier : "the gills are the lungs of animab absolutely 
aquatic* and, with regard to the cartilaginous or osseous supports 
of the gilla, ''they are in our opinion, to the gills of fishes, what the 
cartilaginous or osseous tracheal rings nre to the lungs of the three 
superior classes f:'* we are left in doubt whether it is meant that the 
^illn and their mechanical support.-* merely perfonn the, same function 
in lishes whicli the knifes ami windpipe do in mammals, or whether 
they are n(»t also actually the same part"? differently modilied h) re- 
lation to the ditfcrent respirator}' media of the two classes, deoliroy 
St. llilaire leaves no doubt as to his meaning where he argues that 
the branchial arclies of fishes are the modified trachejd rings of the 
air-breathing: classes ; we perceive tliat lie is enunciating a rela- 
tion of homology. The truth of his proposition will be best tested 
by first considering the homologies of the air-bladder of fishes. 
Dr. Peters, (Pirof. Uyrtl, and others, who have prosecuted the 
anatomy of the Lepidosiren since Br. Bischoff advocated its rep- 
tilian nature^ have confirmed my previous determination of that 
genus to the dass of fishes : and it may be presumed that its geli^ 
tinous chorda dorsalis^ its vertebral inferior transverse processes 
(parapophyses)^ the normal attachment of the scapuhe to the occiput, 
the branchiostegal covering of the permanent gills, the opercular 
bones, the absence of pancreas, the presence of a spiral intestinal 
valve^ the relative position of the anus^ the extra-oral nasal sacs^ the 

• " Les branchMi MOt let pOttmODS det •aiauuMX MbaohianaA aquatiqiwi.'* (xtti. 

t. vii. p. 164.) 

f '* £IIm KHitf i not re avis, aux bnuiclii«i dc« poUMMl% M que les cerccsns e»rii- 
lagineux ou osseux des vmM •irienmft nut am poomons del trow «Imm* sup6- 

rieuio." (lb. p. 177.) 

« 4 



200 



LECTURB Zl« 



&i'ix\y integunionts, tlic mucous tubes and pores on the bead, the 
* lutcrul line,' and, in short, the totality of the organifiation of the 
Lcpidosireii, will bu deemed to fully prove its true ichthyic 
nature. It is extremely interesting to find the Ganoid PolypteruSy 
which of all omeoua fishes most closely resembles the Lepidodren 
in its spiral intestinal Yalve, in die bipartitlon of the long aii^ 
bladder, the origin of the arteries of that part, and the place and 
laryngeal mode of commonication of the short and wide air-duct 
or windpipe, also presenting the doeest agreement with the Le^d- 
doairen in the important character of the form of the bnun. The 
common objection to the view of the air-bladder of fishes being 
the rudimental homologue of the Innga of air-breathing Yertebratea 
has been, that the artery of the aiiubladder carries arterial blood, 
that of tlie lungs venous blood. Let us compare the air-bladders 
of the Polyptcrus and Lepidosircn in reference to this character. 
The arteries of both are derived from the returning dorsal portions 
of the branchial vascular arches before their union to form the aorta. 
In the Polypterua, according to Miiller, the artery of each air-sac is 
formed by the union of the efferent vessels of the la?t gill : tlie blood 
is, therefore, arteriiiHsed before entering the artery of the air-sac. 
In the Lepidosiren, by reason of the non-development of gills on two 
of tlie branchial archer, the blood transmitU'd to the air-sac is 
ventiu.s. But this difference relates only to the presence or absence 
of a particidar development of the branclual vaseular arches, from 
which the uir-bladdcri of the two species are siipplit^d wiili blood : it 
is a difference which modifies the function without at ull changing 
the essential nature of the air-bladders themselves : the relative 
position of these vascular sacs, their form and sixe, their mode of 
commnnication with the ocs^ophagus, — in short, ererj character bj 
which relations of homolo^^ are determined,— are the same in 
both Foljpterus and Lejndosiren.* The lungs of the Lepidosiren 
being, then, unequiTocalljr the homologues of the air-bladder of 
the PolTpterus, it follows that they must be homologous with the air- 
bladders of other fishes, whatever be the modifications of form or 
function of sueh air-bladders. Between the completely divided air- 
bladder of the Poljpterns and the undivided air-bladder of Lepi- 
dosteus there are numerous degrees of bifurcation in the series of 
fishes : it is to the undivided state of the air-bladder in the Lepi- 
dosteus that its more strictly dorsal position, and its communication 
with that aspect of the oesophagus, are due : these modifications^ 

• Comp.irc XXXIII. \A. xxvii. figs 3 and 4. with XXV. pi. IL flgs. ( and aod 
fig. 54. xxxiii. p. 1 82. with xxv. pi. ti. fig. 7. 
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however, do not affect its relation of homology with the divided air- 
bladder of the allied ganoid genus Poh/pterus, any more tli;in with 
the divided air-bladders ot" the Cobifis hdrbatnla or Arius (jagora^ in 
which the divisions are contined to the anterior jiart of tlic abdomen, 
and inclosed in osseous cups developed from vertebne answering to 
the second or third cervicals. 

Thus the series of frauaitious traceable in the organs univer&ally 
acknowledged as the air-bladders of fishes prove tho^e of the Lepido- 
siren to be the homologous organ ; whilst the development, relative 
position, and connection of the lungs of the Batrachia equally prove 
those longs to be the homologues of the air-bhdders of the Lepi- 
dosiren. Therefore, it follows that the air-bladder of the fish is 
homologons with the lungs of the Batraehiao, and of all other air- 
breathing Vertebrates; although the air-bUdder of the fish does not, 
as a general rule, perform the functions of a lung. But the air- 
bladder in most fishes is analogous to the air-chambers of the shell of 
the poljrthalamoos Cephalopoda, and in some fishes it is analogous to 
the ^mpannm of the higher Yertebrates.* 

In tracing the development of the wind|npe and larynx, from the 
more lung-like forms of the air-bladder in fishes, through the Peren- 
nibranchiate Batrachia upwards, we obtain incontrovertible proof 
that the so-called 'ductus pneumaticus' in fishes is the homologue 
of the trachea. It follows, therefore, that the branchial cartilaginous 
and osseous supports of the gills arc not the homologues of the trachea 
and hronchiaj, any more than the gills themselves are the homologues 
of the lungs. We .-Iiall find the branchial arches and gills devcdoped 
in the larvic of lJutraehia, and disappearing as the true trachea and 
lungs are formed, without being converted into them. The only 
parts of air-breathing ^'ertebrates with which the bran( lii:e of fishes 
are homologous are the persistent or deciduous branchije of the 
Batiai hia. The relation^ of the branchial arches and gills of fishes 
with the trachea and lungs of higher air-breathing Vertebrates are 
those of analogy merely. The branchial apparatus, in relation to the 
entire vertebrate scheme or type of oiganization, is to be regarded 
as a temporary graft on such type, introduced to serre the purposes 
of the lowest embryo-like forms, and to give way to another and 
higher and more persistent form of respiratory organ : in this respect 
the branchial organisation is to the Tertebrate series what the pla- 
centa is to the mammalian individuaL 

* In the Loach (Cobitit) the whole aliM M i tary canal is aiHilogOliS to a Inog, in- 
asmuch a$ this fiab swaiiows otr and voidit caibonic «cid« 
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BBNAL BTSTBlf. 

In all Vertebrates an excretory organ is very eai ly tlcvelone«l in 
the form of a tube, extending from each side of the cloaca forwards, 
along the dorsal region of the abdomen, close to the spine, where it 
communicates with a nunibi r of short slender blind tubes placed at 
right antics iu it ; the lungitudiuul truiik-tubc scr\ing as the ex- 
cretory duct of the shorter transverse secerning caeca. These glands 
arc transitory in the air-breathing Yertehrates» and are called, from 
their dieooTerer, 'corpora Wdfllaaa;* they are persistent in fishes*; 
and are called ' kidnejs : ' in both they are renal oi^ans and secrete 
urine. A slightly opaque, slender^ elongated glandular bodj, in the 
eatuatioa marked k in J^* 46.> has appeared to me to represent the 
renal organ in the BroHekwttoma, The structure of this oigan is 
more obvious in the Mjxinoids : it is double : each long duct, as it 
extends from the cloaca through the abdominal cavity, sends ol^ at 
regular but distant intenrab from its outer side, a short wide tube, 
which communicates by a narrow opening with a blind sac. At the 
bottom of this sac or caecum there is a small vaso-ganglion, free on 
all sides save that by which the vessels enter and quit it| : there are 
no uriniferous tubes in this * placentula ; ' the contents of the caecum 
must react through its thin pnrietes, and those of the capillaries willi 
whifli it is in contact, upon the blood in those capillarlua, and ex- 
tract tlierefrom the a/otized uric excretion. Analogous vascular 
bodies, formed ehii-fly by convoluted tuft* of arterial capillaries, are 
present in the Wultlian boilics e>}' Mammals, and in the persistent 
renal organs ui all Vertebrates. They are called, after their discoverer, 
* Malpighian corpuscles,' and Mr. iJowinan J has admirably shown 
how the uriniferous tubes take their rise Irum these vascular corpus- 
cles, viz. by a sacciform blind beginning applied over the vascular 
placentule or tuft. 

The combined secerning casca and vaso-ganglia form in the Sand- 
prides and Lampreys § a continuous narrow elongated gland, which 
extends in the former {Ammoeeies} throughout the abdomen, in 
the latter {Peiromyzon) along the posterior two-thirds : in both con- 
fined to the dorsal part of the cavity. The ureters (jfy* 74. h) open 
into the short canal (ib. Q, leading to the papillary production of 
the peritoneal outlets close to the anus. || 

• rxxxvn. ii. p. ni l. f xm. lR11,p, 1.1. | cixv. 

§ In the PetromyzoH marinuM tbv diameter of the tiibuU uriiufvri u of ao 

inch, that of tli« capUlarict of the kidneys being ,^th of an imb. 
II xs. iv. pL 56. fig. 1. e. 
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In most osseous fishes the kidnejrs are long and narrow, and ex- 
tend throup^h the whole or a great part of the dorsal region of the 
abdomen, limily atfar-lmfl to ihe vertebral column ; thoy nre usually 
broadest and thickest anteriorly, -vvliere they sometimes present a 
lobuhi ted surface ; they contrnet, ap[)roximate, and frequently blend 
together as they extend backwards (prej). 1 177. Ci/clopterus); some- 
times penetrating the hirmal canal in the tail. In the Gpnnotus the 
kidneys are di^itinct and thickest at their posterior ends, as they are 
in the Gurnard {Jig, 72. A) and in most Sharks. The kidneys have 
not A well-deflned capsule in osseous fishes, but their ventral sur- 
face is immediately eoyered by an aponeurotic membrane, against 
which the peritonewn* and the air-bladder when present, are applied. 
The renal tiaene is soft and spongy, firmest at the fore-part of the 
gland ; nsoallj of a reddish-brown colour ; sometimes soaked, as it 
were, with dark pigment (as in Lepuhnren, xxxm. p. 349.)* It is sup- 
plied by numerous small arteries from the abdominal aorta \ which 
form Malpighian corpuscles; but these are fewer in number and 
less complex than in the true kidneys of higher Vertebrates. The 
primary branches of the tubuli oriniferi, given off from the long 
ureter, are extremely numerous; their divisions in the renal sub- 
stance are comparatiyely few ; they are in most fishes convoluted and 
of equal diameter, extending through the whole renal substance, 
which shows no distinction of cortical and medullary parts, and has 
no mammilla? : they are lined by a ciliated epithelium. Sometimes 
a single common ureter rjuits tii(> coalesced hinder ends of the kidneys, 
as in the Pike, and terminate? in n urinary bladder. More fre(iuently 
the essentially duplex nature ot the kidneys is manifested by the 
emergence of two ureters from the ventral surface of their posterior 
ends when these have coalesced : in i>ome fishes these unite together 
after quitting the kidneys, and terminate by a common gradually 
widening canal in the urinary bladder. Sometimes they enter the 
urinary bladder separately, as in the Wolf-fish, where they both 
terminate on Its left side, half-an-inch above the cervix : rarely are 
any smaller accessory ureters seen, as e. ff» in the Stickleback, to 
temunote also, separately, in the bladder. Tbis^ in aquatic animals 
apparently needless^ receptacle of a fluid excretion is, ncTertbeleBSi, 
rarely absent in osseous fishes ; the Pilchard, the Herring, and the 
Loach are among the few instances where it is not developed. In 
the Loach a short, in the Horing a long, common uretw ter- 
minates behind the anus. Li the Gymnotus the common ureter is so 
wide as to serve as a receptacle, and it is directed forwards to reach 



* Hunter, vji. u ii. p. 112. 
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its tPiminntion immrdiately behind the advanced vent. The urinary 
bladdor i- t iuLujiLS round {Jig. 72. h\ sonictiiuus oval or pyriform, 
often bifid iit its fuudus or two-horned ; it is largest in those fishes, 
as the PleuronectidfB^ the Lophim^ the OrthagorUciiSy and the Cy- 
clopteruSy in which the air-bladder ia absent. In the Callyomymtts 
the bifid urinary bladder extends the whole length of the abdomen 
It always lies behind the rectum, generally reodves the meter or 
ureters nearer its fundus than its cervix, and the latta is prolonged 
usually into a prominent papilla behind the vent The long cervix 
vesica in the Salmon is surrounded bjr a yeoiom plexus, b the 
Sturgeon the wide ureters extend along the outer borers of the 
kidneys, and receive the vasa deferentia or oviducts in their course 
towards the cloaca, where they unite into a short duct which forms 
the common outlet of the urinary and generative products. 

The kidneys arc long, narrow, but distinct from each other in 
all the ganoid fishes and in the Lepidosiren. In the Lop hi us the 
kidneys present a more compact form, and are situated wide apart, 
far forwards in the abdomen, in deprcs>'u>ns on either side of the 
origins of the * retractores palati.' The Itidneys of the Plagiostomes 
are also of a more compact form than in osteons fishes, and arc 
always distinct, and generally show a cerebriform convoluted or 
lobulated cxt<'rior : the prirnnrv brandies of the uriniferous tubes 
arc fewer, and their dirbutniiious ramifications more numerous*: 
the ureteric trunk becomes superficial along the inner and fore-part 
of the hinder lialf of each kidney; after quitting which it dllateji 
in the Grey Shark ( Galcns) into a kind of receptacle behind * uch 
oviduct or vas deferens, and communicating with its fellow near 
the cloaca, terminates by a single urethral canal upon a kind of 
penis or clitoris {Jig. 75. k) at the back of the anus, within a large 
common cloaca. In the Torpedo, the ureters terminate on the 
doacal papilla by two distinct oriflce&t In the Skate and Thorn- 
bock each ureter terminates in the neck of a short bifid bladder: 
these open by a common urethra upon the doacal papilla. The Lepi- 
dosiren has a small urinary bladder situated, as in all fishes, behind 
the rectum and in front of the oviducts : the ureters do not com- 
municate directly with it, but terminate separately on small papillas 
in the pviducal compartment of the cloaca. | With regard to the 
circulation in the kidney in those fishes, as e.g, the Plagiostomes the 
Lophius and the Lepidosiren, in which the organ is best defined, 
the vein on the outer side of the kidney which receives blood from 

* In the ihe diameter of the tanniml Iir«iicb«s af the tubuli uiiaiftri >i« 

lj,tli of an inch, that of the capiUwy leml wteriea being ^^'^^th of an inch, 
t cxxxiv. I xxxui, pi. a?. 
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the tail, the abdominal parietes, and the gencmtive organs has so far 
the aspect of a * portal * or infcrent vessel, that a second and lai^r 
vein, whose roots take their rise in part from the renal substance, ex- 
tends from the inner and anterior part of the kidney to convfv its 
blood to the vena cava. Tlie exterior vein is not, however, com- 
pletely expended in the kidney, but is also contintied forwards from 
tlie anterior end to join the veins from the anterior abdominal pnrietes, 
and sometimes those from the pectoral fins. Whether the bloml 
takes a retrojz^rade course in these towards tlie kidney, and meets 
the stream from the hinder commencement of the exterior vein, is 
undetermined. In all fishes the kidneys maintain the same relations 
with the cardinal veins that their transitory homologues, the * Wolf- 
fian bodies,' do in the embiyo of the higher Vertebrates. 

SUPRA-RENAL BODIES. 

Professor Muller has described two small oval lobulatcd bodie?<, 
situat'-d in advance of the kidneys, close to the portal sinus and 
near the pericardium, in the Myxinoid Fij^hes, as the '^landuhu 
suprarenales. * • In the typical Osr^eou?* Fishes they have been re- 
cognised as roundish bodies of a li«jbt oroy colour ; commonly two, 
rarely three in number; situated, [lu tiuies near the middle, oftener 
at the hinder extremities of the kidney?, at or near the entry of the 
hsemal canal : sometimes they lie fre<", sometimes they are imbedded 
in the renal tissue (Pike, vSalmon, Eel) ; but they always possess a 
proper capsule, and present what seems to be a minutely granular 
texture, without distinction of cortical and medullary parts. In the 
yellowisli supra-renal bodies of the Storgeon, the grannies are minute 
spherical cells fiUed by microscopic nndeated oorpuscles. In the 
Flagiostomes, the supra-renal glands are represented by elongated 
narrow yellowish bodies, situated behind the kidneys, and sometimes 
extending behind the dilated ureters. 



• zn. Angeiologick 1841, PR 14—17. tab, il flg. 2. «. 
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OENEBATION AND D£V£LOFM£MX OF riSHES. 
* MALE OBGAKS. 

All fleiiei are dioBcioos or of distinct sex. The male parts of 
genenitloii present a progressire gradation of complexitj from 
Uie essential gland, or testis, as a single oigan distingnishaUe 
only hj microscope examination of its contents from an OTsrium, 
to a more definite and concentrated form of testis with complete 
bipartition, then to the development of a proper doct or * vas de- 
ferens^' next of a yesicula seminaUs and prostate^ afterwards of an 
intromittent organ, and finally of superadded 'claspers,' or mecha- 
nical instruments for retention of the female in coitu. The pre- 
paration of the Pi^romyzon marimu (No. 2373.) shows the testis 
in the form of a scries of thin transverse lobes, or folds closely 
attached bj a duplicature of the peritoneum to the median line 
of the back of the abdomen, between the kidneys ; the extension 
of the over-lapping oblique folds to the right and left of the line 
of attachment indicates the duplex character of the gland. Tts tisfJiie 
consists of small spherical cells 6Ued with the mimit<' eorpiiscular 
spermatozoa.* These escape by dehiseeiiee of the ecll- riiid nipturo 
of the peritoneal cov<'ritig into the abdominal cavity, and are exj)elled 
by reciprocal pressure of the intertwined sexes, from the peritoneal 
outlets at tlie cloaca. The Eel closely resernblen the Lamprey in 
the general form and condition of the male organs; but the right and 
left sides of the plicated testis arc more distinct, and the spermatic 
cells arc more numerous and minute. 

The Sand-Eel {Ammodf/tes, No. 2378.) has a single testis, com- 
pacted into an elongated triedral form, and impressed by a median 
longitudinal fissure : it usnslly inclines a Uttle to the right side. In 
the Perch the single testis inclines to the left ; in the Blenny and 
the Loach it lies in the middle line. In these osseous fishes the 
glandular part of the testis is inclosed in a proper fibrous capsule^ 

* ffir £. Home and Mr. Bauer, misted by thti close resemblance to an orarium, 
tnfcrred the identity of the testis with that body, described the kidnejrs as the testis, 
and tliL' lampreys as hcrniajilirodite fishes. Hunter had recognised the true 
structure, (vti. t. it. pp. 204 — 206, pi. 59. fig. 1. A.) Mr. Bauer gives a good 
microseopic viev of the oellular sinieturv of the testis in PhiL IVana. 182S, pi. iv. 
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Renal and Mule Orgsuii ; 
Drigia <yra, Cara*. 



whicfi is continued from the posterior end of tlie glnnd, with its 
serous covering, into a short and simple * vas deferens,' which opens 
usuollj into or receives the urethral prolongation of the urinary 
bladder. In th« Gnrntfd the teites (Jig. 72. a) ire dittiaet from 

eaeh other, but their ' Tua deferentia' almost im> 
medUtelj vnite into a common dnet^ which joins 
the urethra (e) behind the reetom (A), and ter- 
minates at the outlet (g). In the Salmon and 
the Herring the ' Tasa deferentia ' do not unite 
together until near their termination in tlic 
urethra. In the Cod and the Bull-head ( Coitus) 
the common portion of the efferent duct is much 
dilated : it forms a saccular seminal reservoir 
in the Sole. The canal common to the ureter 
and vas deferens is of great length in the Stur- 
geon : a valve prevents the regurgitation of the 
urine into the spermatic duct. The urethra is 
usually produced into a pa[)illa, which pro- 
jects conspicuously from the back part of the cloaca in the vi- 
viparous Poecilia, Anableps, and Blenny : it is large also in the 
Lump-fish. The testes are almost entirely extra-abdominal in the 
Floimder and some other HeuronecUdee, extending backwards into a 
kind of eoneealed serotnm between the integuments and muscles on 
each side above the anal fin. The testes differ much in form in dif- 
ferent Osseous Fishesy but are remai^able in all for their enormous 
seasonal increase : when fully developed they are commonly known 
as the *milt* or *soft roe.' In the Pipe-fishes (S^ft^m^ they 
present the form of two simple elongated straight tubes (prep. 2376.). 
In the Lump-fishes {(^ehpUri) they are divided by incisions into 
lobes : in the Cod a vast extent of the vascular sur&oe of the glan- 
dular substance is packed into a small compass, by being disposed in 
convolutions upon the edge of the * mesorchiuro.' Tlie primitive 
spermatic cells, which are persistent in the Cyclostomes, have cosp 
leseed into tubes (tubuli seminiferi) in osseous fishes ; the tubes open 
at one end in the wide and sometimes saccular commencement of 
the vaa deferens, and terminate at the other either by blind free 
extremities, or by reticulate anastomoses.* 

In the Plagiostomes the testes (^ff. 73. a) are always distinct 
from one another, and usually of a circumscribed compact form, si- 
tuated far forwards in the abdominal cavity. They have a proper 



* cxx. p. 105. pi. XV. fig. 7. in the Shad. 
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capsule or ' taniea al1ragiiiea»* sod a peritooeal eoTering : the capsule 
aendfl manj 'septa' into the testes; and tlie lobes thns formed eooaiflt 
ehiellj of the tnboli testis^ and liieir expanded cell- 
like extremities, filled with the spennatosoe : the 
oonTolntions of the ' tnbuli' are pUdnlj dasoenuhle 
in the portion of the testis of the great "BuBlring 
Shark preserved in No. 2396. A. Numerous * va^a 
cfferentia* convey the 'semen* to the beginning of 
the ' va5 deferens'* which forms a large 'epididymis' 
(ib. b) by its manifold convolutions. These gra^^u- 
nllv dt'oroaso as the duct (c) aj>]>ro;iches the floaca, 
when it becomes straight, and expands into an 
elongated reservoir (ib. /"), the mucous surface 
of which is commonly increased by numerou?; trans- 
verse plicjc (Srlarhe.) Behind the termination of 
tilt' reotimi the ' vusu dcferentia' suddenly diniini^l), 
aj>pr(»xiinate, eonmiunieate with tlie ureters, and 
terminate upon the rudimentol cloacal penis (ib. €/, A, 
and prep. 2396.). 
The daspers (ib. m) are present in the Chimse- 
ieu.'.de?$!IL. Fishes as well as in the Flagiostomes. They 

project backwards as appendages to the baaea of 
the anal fins, and are sometimes bent inwards at their free ex- 
tremities. Near this part may be discerned a fissure which ia 
the ontlet of a blind sac extending forwards ftom the base of the 
clasper beneath the muscles and skin, at the sides of the cloaca. 
The inner snrfiKe of the cavity is smooth, and lubricated by a fluid 
mncns: the attached vascular surface is richly supplied with ves- 
sels> oc])r>oially with veins: in the Bays a glandular body adds its 
secretion to that of the surfiMse of the cavity. 

FEHAUB ORGANS. 

The gradations of structure of the female organs eorrrspond very 
closely with those (»f the mule. In the young Lamprey the ovarium 
is a simple longitudinal membranous plate, suspended by a fold of 
the peritoneum (mesoarium) along tlie under part of the vertebral 
column : it increases in breadth and thickness as the ova are deve- 
loped in it, and still more so in length, being accommodated to its 
locality by numerous folds (^</. 74. c). But no supL-radditions are 
made to this primitive structure : the ova (d) escape by rupture of their 

* cxxuv. 
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capsules into the abdomen (A), and arc excluded by the peritoneal aper- 
tures /), In all other fishes in which vasa deferentia arc absent 

in the male, oviducts are absent in the female. 
But it does not always happen, wlierc vasa de- 
ferentia are developed in the male, that the 
homologous ducts exist in the female : the Sal- 
mon is an example in which the ova are dis- 
charged by dehiscence into the abdominal cavity, 
and escape by peritoneal outlets, as in the Eel 
and Lamprey. 

With this exception, the parallelisni of the 
nude and female oigana U verj dose. Thus the 
ovarium is single in those bony fishes, as the 
Perch, the Blennj, the Loach and the Ammody te 
(prep^ 2675. jl), in whieh the testis is single: 
^TAStSSn^SS^' the median deft of the onuy of tikoAmmodTte is 

deeper than that of the testis^ but the continuitj 
of the two seemingty distinct glands is obvious at the upper and lower 
ends. In most osseous fishes the ovaria form two elongated sacs of mu- 
cous membrane, with a thin fibrous tunic and a peritoneal covering : 
closed anteriorly, but produced posteriorly into a short, straight and 
commonly wide oviduct, terminating behind the anus, and commonly 
before the urethra. In the Pipe-fishes the oviducts continue distinct 
to the cloaca. Jn most fishes the oviducts coalesce, sooner or later, 
into a single tube before arriving at the cloaca : the common terminal 
portion becomes much dilated in the Cod-fish, the Lump-fish, and 
some others. The * stroma,' or cellular tissue, which is the seat of 
development of the ova, is interposed between the mucous and 
fibrous tunics of the ovarian sac : it sometimes, though rarely, is co- 
extensive with the raucous membrane. In the Lophius the two 
ovaria are long and large plicated tubes, flattened when empty, cylin- 
drical when inflated, with the ovigerous stroma lining, as it were^ 
only the ventral half of the walls of the cylinder, and tenninating 
where the oviducal portions of each sac unite together to fonn the 
oommon short efihrent canaL The inner surfiu» of the 'stroma* is 
beset bj small tnberclea^ arranged in interrupted linear series» each 
tubercle supporting four or five papilliform ovisacs. In the FSke the 
stroma forms a longitudinal 8trip» in short transverse plaits, along the 
median side of the long ovarian sacs. In tiie Wolf-fish the stroma 
extends over the whole of the internal snrface of the ovaiy, into the 
cavity of which it projects in the form of numerous oval compressed 
processes. In general, its superficies is extended by being plaited 
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into nmnerotts foUa, which are tmurene in the Cod and Salmcm*, 
oblique in the Ibckerel, and longitudinal in some other fiahca. In 
the oiseona flshea that retain and hatdi their ova the stroma doea 
not extend to the poaterior part of the ovarian aac^ bat tlua serves aa 
a kind of utemsy and oontaina an abundant albuminous secretion at 
the season of the internal incubation. The viviparous Blenn/ 
(SSoarees), the Anablepsp the Poscilis, and some Siluroids are ex- 
amples of ovo-viviparous osseous fishes^ and at tlw same time 
manifest naturallj, what occurs as a rare adnormalitj in higher Ver- 
tebratesy via, ovarian gestation. In the Plaice and other Plenro- 
nectidfe the parallelism between the male and female organs is »o e1o<;r, 
that the ovaria also escape from, the abdomen, and become lodged 
in greater or less proportion in sub-cutaneous scrotal cavities above 
the bafis of the anal fin. f 

III tlio Liimproy the short jind narrow lateral infundihulitorni 
pafsaLTOs beldnd the rectum, into which the ureters open, and wliich 
terniiuato in the peritoneal outlets (./r/7. 74. r, /), have btc-n comiiarcd 
to short oviducts- In the Sturgeon actual oviducts arc continued 
from the ureters forward, which open by wide infundibular apertures, 
comparable to the * moreus diaboli' of nnthropotomy, into the 
general peritoneal cavity, and receive the ripe ova as they burst from 
the ovarium. The urine is prevented from regurgitation into the 
seroitt cavity through the same passage, by a valve which only allows 
the passage of the ova backwards into the common uro-genital 
duct. The higher grade of the sexual organisation of the female ' 
Plagiostome, as compared with the cartilaginous Granoid fish, is ma* 
nifested chiefl j by modification of the oviducts ; they are always two 
In number, and distinct from one end to the other, but are brought 
into dose proximity, or coalesce at both ends : they are always 
distinct from the nretws, which terminate on the prominent urethnl 
ditoris, betwe^ the oviducal outh t-^. Different parts of the oviducts 
are modilfied, moreover, for spedal functions, superadded to that of 
effecting the safe transit of the generative product. The ovaria 
of Plagiostomes (^g. 75. a) are relatively much smaller than in other 
fl«ihe!<, of a more compact form, and confined to the fore part of the 
abdominal cavity: they arc soinetiine.s blended into a single body. 
The ftron)!i i« Tiot spread over the walls of a cavity, but is collected 
into a loo.se cellular nia.ss, circumscribed by a hbrous membrane, and 
suspended by a duplicature of peritoneum to the dorsal parietes of the 
abdomen, at the sides of the oesophagus. The ova are much fewer in 
number than iu the * roe^ of osseouji iishes, and are seen in different 

In the .Salman the free turfiwc of the ctroiiu 19 czpoiedL 

t xuii. V. pU 4. fig. 1. 
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Stages of growth, being developed more consecatiTeljr. The approxi- 
mated or oonflaeiit abdominal apertures of the ovidact (ib. h) are an- 
terior to the ovariom, between the livor and the peri- 
cardial septum ; they form together n heart-shaped 
opening, with entire margins, attached by two diverg- 
ing; ligaments (ib. c) to the abdominal walls. The ovi- 
ducts narrow, and with thin tunics at their commence- 
ment (ib. d d\ divertre from each otlier, arching over 
the tore part of the ovaria, and then descend along the 
ventral surface of the kidneys, to terminate at the 
lateral and posterior parts of the cloaca. A glandular 
body (ib. e) is devel(){>e(l in their coats, after the first 
fifth or sixth part of their extent, and their terminal 
half or third part (ib./) is dilated : the sizes of the 
glandular and of the uterine parts of the oviduot are 
nsuallj in inverse proportion : in the oviparous ^agi- 
ostomes the gland is laige, the ntems small, and the 
reverse obtains in the Tiviparoas species. The inner 
sorftoe of the lUlopian portion of the oviduct pre* 
sents longitudinal or very oblique folds of the delicate 
mucous membrane ; but near the aperture "the f<dd8 
resolve themselves into minute compressed villi. The 
glandular part varies in structure as well as in size in different species. 
In the viviparous Dog-fii^h {Spinox acanthias) it consists of two 
elliptie iSattened lobei^ of laminated structure, the free surface pre- 
senting minute transverse stria^ beset with pores, the orifices of 
secerning tubes, the aggregate of which composes the layer of 
glandular substance. In the oviparous Homelyn {liaia macula fa) 
the lobes of the larL'e rudimental glands are reniform. I'l t j). .3234. 
shows well the inner free margins and interspaces of the close-set 
layers of secerning tubes. In tlie Galeus the lobes of the gland present 
the same essential structure, but are conical, subsi)iral, and hollow. 
The uterine part of the oviduct in the viviparous Dog-fish has the 
lining membrane produced into longitudinal folds, with wavy 
margins, each of which contains a single vessel following its sinuosi- 
ties, and sending off branches to the parietes of the oviduct: 
the folds gradually subside at the outlet of the oviduct. In the ovo- 
viviparous Dog-flsh (Sct/llium) the folds of the lining membrane of 
the corresponding part of the oviduct are oblique, and their vessels 
are derived from trunks in the walk of the oviduct, and are dis- 
tributed ip minute and tortuous ramifications on the folds (prep. 2683). 
The preparation (No. 2684) of the Smooth Dog-fish (G<ii^« kvisf 
EmUtoU ^ue, Cuvier) shows several uterine cotyledons developed 
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from the internal rarface of the dilated part ot the oviduct Frofeasor 
Mfiller has veil described the corresponding fcBtal eotfledona which 
are derdoped from the vitdlide of the embiyo. 
In reriewing the Tarions fbnna of the GeneraliTe Organs d FishsB, 

we find that tliey resolve themaelTes into four well-maAed grad^ of 
complexity. First, xedneed to the essential gland, the testis, or the 
ovarium, without excretorjr canal. Secondly, with n sin]})]e duct, 
continuous with testis or ovarium. Thirdly, a partial oviduct, as ia 
the Sturgeon, not continuous with the ovarium, and not sepa r ated 
from the ureter. Fourth, a more compact fonn of testis and ovarium, 
with a lon^,^ jin<l complex duct, difitinct from the ureter ; the lieginriing 
of the v!is deferens convoluted into an epi<li«l}'mif' :ind its end dilated 
into a seminal reservoir, with ii plicated glandular inner surface ; the 
oviduct presenting a nidamental gland near its eommencemeut and 
dilating into an interior receptacle, with a plicated surface at it*i ter- 
ntinal half. Besides the *clasper8* of the I'lagiostomes, there are 
other accessory organs of generation ; viz. the subcaudai marsupial 
teguuicntary folds in the male of some species of Syngnathus 
(preps. 3226 — 3228), and the sub-abdominal marsupial pouch in the 
male Hippocamps (preps. Nos. 9230 and 3231). 

DSTBLOPUERT OF FISBBS. 

This, the most intricate and difficult, but the most interesting part 
of tlie physiology of fishes, is divid('<l, as in other auiiuals, into seven 
distinct processes: — I. Semination^ or the development of the im- 
pregnating corpuscles called seminal animalcules, or * spermatozoa 
2. Germuta^umf or the development of the germ or ovum susceptible 
of impregnation : — 3. FeeutidiUum^ or the act of impr^nation, which 
IS sometimes^ though rarely in the present class, accompanied bjr 
intromission :->4. FaiaHon, or development of the embryo within 
the ovum or uterus 5. Exirieaium, or escape of the embxyo from 
the ovum: ^6. Sxehuwn, or expulsion of the generative product 
from the parent: — 7. Growth, or development from the period of 
exclusion, or of extrication from a previously excluded ovum, to 
maturity. 

Exclusion of the male generative product is called ' emission ;* that 
of the female generative product, ' oviposition ;' that of the previously 
extricated embryo, 'birth:* but these arc modifications of the same 

essential process. The stages of development do not succeed each 
other as here enumerated, in all fishes: in the Dermopteri and most 
osseous fishes 'exclusion' precedes * ftcundation,' ' fu:tation,' and 
'extrication.* In a few osseous fishes and a larger proportion of 
the riagiostomes, ' fecuudatioo,* ' foetation,* and ' extrication ' precede 
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* exclusion,* "When the membranes or appendages of the intra-ute- 
rine embryo contract no a<lhe8ion with the parietes of tlie uterus, the 
fi^li is said to be ' ovo-vivipiauiis : ' when such adhesion by inter- 
lacement of vaacular surfaces takes place, the species is said to be 
'viviparous,' The period of foetatiou passed wiUiiu the body of the 
ptrent is called * gestation:* that which takes pUce in natural ca- 
▼itiee OB the exterior of the bodj of the parent* or in nesta artificially 
prepared, is called 'incubation;' but these are acddentB to fcetation, 
which may go on> as it does in most oBseoos fishes, independently 
of either Idnd of protection* 

Seminatkm. — The progress of the testis to maturity, when it 
attains in all osseous fishes a larger proportional bulk than in any 
other Tertebrate animals, commences by the appearance in its tissue 
of extremely delicate, chMed cells, * the sperm-sacs.* In these the 
sperroatosoa are developed. * They are diachaiiged, as we have seen, 
in the lowest OTganised fishes, by a general rupture of the sacs into 
the abdomen, and are excluded by the peritoneal canals. In the 
growing milt of osseous fishes the Bpermnuics also yield to the 
pressure of their contents, but partially coalesce and form tracts or 
canals, fr^qupntly reticulate in their disposition, as in the Shad, 
and which ultiinntfly dischar«;e tlicir contents into the ellcrHTit pro- 
longation of the general capsule of the gland. The spermatozoa are, 
at tirst, mere nucleated cells ; they acquire in the Txiach a pyriforra 
figure, with a minute knob at the apex, from which the filamentary 
J ^ vibratile tail 18 continued {J?<7. 76. a). Professor Wag - 
Jiff.76. i O ncr estimates the length of tiie pyrilunii buUy at TT , I, ^th 
of a line, and that of the tail at th of a lincj Tre- 
Tost and Dumas, and Siebold have described the vi- 
biatile filamentary^ appendage in the spermatom of 
other osseous fishes. In the Cydostomes the body 
of the spermatoioa is cylindrical ; in Sharks it is long 
"LZcb"**"^^ spindly twisted ; in Bays they are developed in 
^x/J^S*'kaiaS^i'. ^\ we arranged in a radiated 

^mffgjl wmow, disposition in the sperm-sac before its rupture. Dr. 

Davy I observed many of the spennatosoa grouped 
together in the vas deferens of the Thomback. The abundance of 
these locomotive ciliated cells, and of the minuter granular matter in 
the fluid in which they float, give to the secretion of the testis or soft 
roe an opaque milk-white colour. 

Germination,^The ova are developed in the * stroma ovarii, 
almost simultaneously in Dermopteri and osseous fishes, more sue* 

• cxxxrm. f P* <»8. \ cxxxiv. 
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cessively in the Plagiostomes. Thoy nre much fewer in number in 
the latter : from four to fourteen o\ a, tor exampk, are developed at 
each breeding season in the Torpedo marmurata.* In all fishes the . 
ova are formed in chambers of the * stroma,' called ' oviMUSB*' In 
osseous fishes the ovisac f consists of s delicate membranous hollow 
77. sphere— the * OTarian Tericle' (Jig. 77. a) surrounded 

j^As^V* • ^y«f ^ proper tissae or * stroma' (6) of the 
^^^^V o^ary, which, as it protradee into the ovarian cayitj» 

s^M^^ carriesbefbreit acorering of theddicate Taacolar ma* 
oous membrane. This tnnio is not preaent in Cjislo* 
Ovarian Orum : •tomes or Flagioetomes. The omm oonosts of the pri- 

^SSS£^' mordial or germinal Tesidei <genn^' ie\ which, in 
osseous fishes, shows several nnelei or * germ-spots' (<0» 
hat in Plagiostomes only a single nucleus. Around the germ-cell 
there accumulates a colleetion of minute yolk-granules (e) with oiHike 
globules (/), the whole contained in a delicate yolk-memhranc (g). 
Tlie increase of thti ova is due chiefly to the accumulation of the yolk, 
and its colour to that which t!ie oil-globules acquire as the ova ap- 
proach maturity. At this period tlie ova in osseoub lishes ei>cape into 
the cavity ot the ovarium ; and to their then outer covering, the yolk 
membrane, is added a second tunic called ' chorion.* The ovisac re- 
mains behind and coalesces with the stroma, to form, according to 
l)arry§, a " vesicle analogous to the Gruuliiaa vesicle of IMammala 
but the evacuated ovisacs collapse and speedily disappear in the 
shrunken ovarium, after the discharge of the ova, in Dcrmopteri and 
osseous fishes : thej are longer recognisable in the Skate. 

The periodica], hut rapid and oionnoua increase of the hard and 
wSt roes in osseous fishes, admits of no rigid dnctures, no un- 
yielding bonj hoops around the abdominal cavity, such as would 
have resulted from a conversion of the pleurapopbysea^ hj their 
junction with hannapophyses and a sternum, into ' true ribs.* We 
see, therefore, in the fecundity of fishes, — in this compensation for 
their limited intelligenee and numerous foeSy^the physiological con- 
dition of their free or ' floating* ribs. 

Fttmmdaiion — Certain changes and peculiar phenomena attend the 
increase of sise of the sott and hard roes during these {nimaiy pro- 
cesses of generation. The colours of the fishes become more marked 
and brilliant ; the different sexes are often distinguished by peculiar 
tints; as the male Stickleback by liis bright red throat, for example. 
The claspers in the male Plntriootonifs then acquire their full develop- 
ment and force i the basal glands in those of the Kays enlarge* As 

* vmu t XX. iv. 1838, p. ISl. 

I * OviMc ' of BArry, cvji. Itt wmm, § crii. l»t mctim, p. 314. 
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tiic perio<l of * fecundation' aj)proachcs, the female osseous fish seeks 
a favoiirabic situation for depositing her spawn, usually in shoal 
water, wlu re it can be most influenced by solar warmth and light. 
The marine Ilerrinfr, ISIackerei, and Pilchard approach the shore in 
shoals: the liuviatile Salmon (}uits the estuary to ascend the river, 
overcoming, with astonishing fierseverance and force, the rapids or 
other mechanical difficulties tluit inipedi' its mi«^ration to tin >iiullow 
sources, whither the sexual instinei iiupels it as the fit place for ovi 
position. The female fish is closely pursued by the male, sometimea 
hf two i in the Capelin {MaUotus\ these swim on each side of lier, 
aiding by their pressure in the expulsion of the spawn, and at tiie mune 
time impregnating it by diffnsing over it the fluid of the milt: thus 
absorbed in the sexaal paasion, they have been seen, on the shores 
of Newfoundland, to rash on land in their spasmodic course over the 
shallowfl^ which they strew with the fecundated ova. In some 
genera violent combats take place between the males. Mr. Shaw*, 
a most able observer of the devdopment of the Salmon, states : — 
**0n the l<Hh of January, 1836, I observed a female salmon of 
about 161bs.« and two males of at least 251b8., engaged in dep<^?iting 
their spawn. The two males kept np an incessant conflict daring 
tiie whole day for possession of the fenfhle, nnd, in the course 
of their struggles, frequently drove each other almost ashore, and 
were repeatedly on the surface displaying their dorsal fin?, and lash- 
ing the water with their tails.** "The female throws herself at inter- 
vals of a few minutes upon licr side; and while in that position, by 
the rapid action of her tail, she digs a receptacle for her ova, a ])ortion 
of which she deposits, and again turning upon her side she covers it 
up by the renewed action of the tail; thus alternately di^r^ring, de- 
positing, and covering; the ova, until the process is completed by the 
laying: of the whole mass, an operation which generally occupies three 
or four days.** 

In the ovo-viviparous osseous flshes, the well-developed do* 
acal papilla, in which the sperm-ducts terminati^ doubtless serves 
to ensure intromission. The superadded claspers in the male Pla- 
giostomes lend more eflectual aid in the act of internal impregnation ; 
for in those species that are oviparous the ova are impregnated and 
covered by a nidsmental coat or * shell * prior to exclusion. 

FoBialtUm* — The observation of the more simple mode of impregna- 
tion In osseous fishes, so analogous to that cyf the dioeciods palms in 
which the fertilising pollen is wafted through the aerial ocean and 
strewed over the humid papillose stigmata of the female flower, 
naturally suggested the idea of artificial impregnation, of which 

* CXSIL 
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MM. Prcvost*, Rusconif, and Vogt| have availed themselves, in 
the investigation of the nature of that my&terious act, and of* the 
changes tiicncc ensuing in the impregnated ovum of fishes. 1 lie 
first change observed when the ovum falls into the water is a separa- 
tion of Uie outer covering, or ' chorion,' from the inner tunic or 
'membrana Wtelli.' It is probable, from obaenratioiis on oUier 
anim a l fl, but not proved In rmpeet to the ova of flabei^ that the 
oontenta of the 8perm*cell (body of the Bpennaloaoon) enter the 
OTvoi. After the contact of the qpermatoaoon with the ova, the tal* 
loiring changes take pUuse in the germ-TeaiGlB. It loeeajts nnim- 
piegnated chanuster» beoomes opaqne. enlarges, and, in the onun of 
the Tench, aocording to Bnsconi, fonns with sonrounding granular 
matter an intumescence beneath the membrana TitelU. Busooai 
does not, indeed, interpret this appearance as due to development and 
metamorphosis of the germ-vesicle and its nuclei ; but Vogt has con- 
firmed, by observation of the ova of the Corregwrnw*, the important 
discovery by Barry of the part which the germinal vesicle and its 
nucleus or nuclei take in the first steps of embryonic development. 
" The ?mnn granules," observes Rusconi, " previously dispersed 
through the yolk, now become collected at the base of tlie intu- 
e b a mcscpnce { fig. 78, a). Half an hour 

^\ m^) occurrence of this first 

ij!y change, two furrows intersecting each 

^ ^ other at right angles apj)eared at the 

prominent part of the yolk (ib. A, c). 
A quarter of an hour later, two other 

Firrt •urwtn the deyeioDoent of a fiiTrowa woro obscrved at cacJi sido of 
TMcbs BoMooi. ^ fljgi^ ^ Ujj^ ^ prominent part oC 

the yolk, which previonslj was divided 
into fonr lobei^ now appeared to be formed of eight lobes (ib. <Q. 
After the lapse of another quarter of an hour, each of these eight 
lobes was seen to be subdivided Into fonr smaller lobes, by the for- 
mation of six ftesh furrows* intersecting each other at right angles. 
At the end of another half-hour, several new furrows appeared, which 
crossed those which already existed, and subdivided the lobes of the 
prominoit part of the yolk still further, rendering them so small and 
numerous that it was now scarcely possible to count them (ib. e). 
The process continued until the surface of this portion of the yolk 
regained the smoothness which it had before tiie first furrow ap» 
peared." 

If this account, abridged by Professor Mu!ler§ from the iNIemoir 
of tiic celebrated Italian physiologist, be compared with the descrip- 
tion of the first steps in the development of the intestinal worm 

* csxx. f I cxxzu. § lsmv. IL p. 1510* 
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(" Lectiir»^« on Invertcbrata," p. 77.), th^" corrospnuJcncc will be seen 
to }m cxUxiuely close. In the Entozoon tiie cniire yolk ia the seat of 
the successive iiubdivision produced by reiterated processes of deve- 
lopment, liquefaction, and assimilation of nucleated cells, ujiiil the 
property of the primary impregnated germ-cell lias been ili^^tributcd 
tII^(n^;^01lt the mass ; when the whole mass, by subsequent meta- 
morphoofl of the c«lk^ is coETertod into the embryo.' In the fifth k 
part only of the yolk is the seat of these proceasea^ ropetficiaUy indi" 
eated by fiMnies of that part, and the resnlting embryo is connected 
wiUi the remainder of the yolk $ this remainder is called the nutrient 
yolk, or ' vitdlide;' tiie other part is llie * germinal yolk,' sometimes 
called the * germinal membrane,' from its being thinly spread over 
more or leas of the nutrient yoUi before the embryo arises out of it. 
In the Tench and other Cyprinoids it overspreads the whole nntrlent 
yolk*: in the Blenny, Rathk^f found the embryo considerably ad- 
vanced before the nutrient yolk was so included. The surface of the 
80-covered yolk is ciliated, and, witli tlie embryonal part, performs a 
slow but regular rotation within the albuminous fluid of the chorion.} 
Tlic first traces of the enibrvo are two parallel ridges, the * laminae 
dorsales,' which coalrsfp, and form the neural axi=^ and the rudiments 
of the chorda dorsalis {Jif/- T8, The germinal membrane sepn rates 
into an outer * vertebral' and an inner * visceral' layer: from the 
former are developed the brnin and myelon, the vertebra? and their 
appendages, the muscles and nerves, and the sk^n • from tlie latter 
are developed the digestive, excretory, and generative viscera. The 
out«r layer has been culled the 'serous' and 'animal' layer; the 
inner one the ' mucous' and * organic' layer. Between these aie deve- 
loped the organs of circulation and respiration. The 'kminas dor- 
sales' consist of the eztension of the yertebral layer upwards (the 
embryo being supposed to be prone) to inclose the neural axis : the 
MaminiB yentrales' are downward extensions of the same layer, to 
inclose the yiscera and the nutrient yolk; consequently the so- 
extended 'lamin» Tentrales,' when they coalesce below, form the 
external (serous, or more properly tegumentary) layer of the yolk- 
sse. After the trunk is developed, the head and the tail appear, and 
project freely from the supporting surface, and the embryo encircles 
the yolk, in the form of an apodal fish {ib. g). With regard to tlie 
skeleton, the aponeurotic septa of the vertebral segments of the body 
first appear ; then the ' chorda dorsalis ;' afterwards the rudiments of 
the neurapophyses idong the sides of the nenrnl axis ; and, lastly, the 
licemal arches and their appendages. At this time may be discerned 
the chnracteristic striae of the muscular fibre. The development of 
the skull is described at p. 71. 

* Xt4U. (1891). t CU^UI* t tVLttU 
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The iiHitT ( inucou.-i) luyer of tlic <:l<)l»ular yolk-sac semi:* from its 
upper part a ciccul process forwards ami another backwards, almost 
co-extensive at lirst with the trunk above. But their growth is 
checked by the adhesion of their blind ends to points of the serous 
layer on the under part of the cephtdic and caudal extensions of the 
trunk : wliidi polntt of adheiioa become perfoimted, and eitaliliah the 
moath {Jig, 79. a) and vent (ib. i ) : the intermediate muooas tract fonoa^ 

at firtt» a short and straight 
alimentary canal, commn- 
nicating by a gradually 
coQBtricted aperture with 
the remaining yolk-sac 
(ib. d). In the Cyprinoid 
fishes the vitellicle is ses- 
sile ; i. Cn it does not 
hang^as a pedunculate sac, 
BmlwToOHMiMFMi. from tlie exterior of the 

body : the young Salmon 
<iuits the ovum with the vitellicle in the form of a vascular oblong 
appendage from the fore part of the abdomen. In VH)th cases the 
vitellicle is includeil, together with the intestinal canal, within the 
parietes of the abdomen (ib. c), formed by the before-mentioned deve- 
lopment and coalescence of the lamina? ventrales. In the Tencli the 
yolk is divided only by the constricted communication witli the 
intestine, and is said to be 'internal in the Salmon, and, also, in 
Zoare€» and CoUuit the yolk is divided by a second constriction, 
where it hangs finom the Tcntral integuments ; the part within the 
abdomen is called the * internal yolk,' the part without is called the 
* external yolk.' 

The vascular channels, whidi are excavated in the soft embiyonic 
tissues of both the vertebral and visceral systems^ and which convey, 
at first, a plasma with colourless nucleated cells, unite into a longitu* 
dinal sinus in the interspace of the two systems, where the aortic 
trunk (n) and the cardinal veins (m) are afterwards situated. Thisy 
at first simple canal, receives or transmits vascular loops or arches 
upwards to the lamina? dorsales, and downwards to the 1 fl»n»"fP 
ventrales; those of the latter being most conspicuous that spread 
over the vitellicle : it is here, also, that the red-colour of the circula- 
ting cells, or blood-discs, is first perceived. The vitelline vessels in 
osseous fishes arc ramifications of a mesenteric vein, analogous to that 
subsequently established to form the j>ortal system of the liver. 

The heart is not developed from the longitudinal vessel in the 
dorsal region of the abdomen. The larger branches, which ramify on 
the vitellicle, unite into a trunk at its anterior part, which, being 
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joined by tli<* preraval vein (r), bt'come^ first a pulsating tube, nnrl 
afterward-, by extension, constrietiuns, and intervening dilatations, 
an auricle, a ventricle (A), and a bulbus urtcriosnsi; from wliicli the 
hyoid vascular arcii (m), succeeded by tiie l)raneliial vascular arciies, 
pass upwards to communicate with, and impart new vigour to the 
tiuw of blood in, the priuiitive longitudinal dorsal vcsael. The 
* laminae ventrales,' continued down the sides of the head, form 
vertical folds or arches, the interspaces of which are converted into 
defW commiiiucating with the commencement of the alimentary 
canaL The first of these arches is the largest, and firam its blas- 
tema the mandibolar and byoidean arches, with their appendages, 
are developed ; the five succeeding arches are the true branchial 
ones. The metamorphoses of the corresponding vascular arches, and 
the development of the gills, have been alreadj explained, (p. 265.). 
The jngular (b) and cardinal (m) veins unite to form the precaval (e), 
which joins the hepatic and vitelline veins in a common trunk, or 
sinus, opening into the auricle. 

The first three successive enlargements at the fore part of tho 
neural axis are connected respectively with the olfactory, optic, and 
aoooBtie norrcs; the first (p) becomes, then, divided into prosen- 
cephalon and rhinencephalon ; the second (o) rapidly gains superior 
bulk in connection with the large and enrlv-dcveloped ryes ; and the 
pineal and pituitary appendages appear. The cerebellum is the last 
part which is formed, upon the epencephalon (a). 

In the mean while the liver (/) iias been devi l<>]n d I'roni tlie back 
part of the intestinal neck of thr* vitellicle ; the pancreas being a later 
puUulation of CiL*ca from the intcbtine itself. The kidneys (/?) and 
generative glands (o) are formed out of blastema beneath the primitive 
vascular sinus; but their ducts arc caacal developments from the pos- 
terior part of the intestine : this latter stage of development is never 
attain^ as regards the genotitive organs, in the Dtrmopteru Rathke* 
detected in the embryo Blenny, what Cams afterwards found in the 
human fmtns, germinal vesicles in the nascent ovarium prior to birth, 

two generations successively included in the parent. 

The ureter (q) always makes its appearance very early before the 
onbryo quits the ovum$ it communicates with the extremities of the 
transverse parallel tubuli uriniferi formed by confiuenoe of primitive 
cells in the renal blastema. Tl>e cardinal veins traverse or groove 
the kidneys, as they do the Wolffian bodies in the embryos of higher 
vertebrate; and this primitive relation of the vascular to the renal 
system is not changed in fishes by the substitution of true kidneys for 
the primordial renal oigans-t 

* exivm. 

f VoD Bmt appwii* to haw Snt apprtciatcd this inlemting bomologj. " AIIm 
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The tluct of the air-bladder (s) is developed from the dorsal aspect 
of the ])ylt)ric end of the stomach; even in thoi^e fishes wlurc the 
conununioation of the air-duct is afterwards found at the u-sophagus ; 
the posterior coinpartineiit of tlie air-bladder is first developed irj the 
Cyprinoids, whicli aceountvS for the connection of the air-duct with 
that part. In the Herring, the primitive place of its connection witli 
the alimentary canal is retained. The communication Is obliterated 
in the fishes without the au>dtict ; and the whole posterior compart- 
ment disappears with the dnct In the Loach. The scales are fonned 
late in all osseous fishes; thdr int^nments remain smooth and 
lubricous* as in the I>ermopteri> some time after the disappearance 
of the vitellus. 

The inferior position of the mouth is an emhrjonie character 
common to all fishes, and is retained, together with the nnossified 
skeleton and the oontannation of the cartilaginous vertebne into the 
upper lobe of the caudal fin, in all the Plagiostomes. The singular 
productions of the rostrum in many of these fishes^ like the elon- 
gation of the jaws in osseous species, are later phenomena of deve- 
lopment It is interesting to find the broad, depressed, obtuse embry- 
onic form of head common to all the known fishes of the old red- 
sandntone. M. Agassiz tlius accounts for the extreme rarity of the 
ichthyolites of this formation presenting a profile view of the head: 
it lies in most cases upon the upper or the under suri'uce. 

All tlie riagiostomes have the external as well as the internal di- 
vision of the vitelliole {Jjcf. 80.) ; 
the peduncle of the external one 
is longer, in some species consider- 
ably so, than in osseous fishes, and 
it la beset with villi in Carekarias 
and Zf/f/(fna,* The tegumentary 
covering of the outer yolk (ib. d), 
is denser and more opaque in Fla- 
giostomes: the inner yolk (ib.e) 
consists* of cotirse, only cjp the 
proper vitelline tonic, which is 
thin and transparent: it commu- 
nicates with the small intestine (p) 
i. e., with the short tract which 
intervenes between the pylorus 

Embryo Sr, Ilium. ^1,^. valvular Straight gUt (A) ! 

it receives the external yolk (ft c') as this is progressively squeezed 
into the abdomen by tlie contraction and interstitial absorption of its 

dicM fiihrt zu dcr UebcKcugunp, das dcr Fisch-Nieron steheii gebldbcfic Prillior- 
dMl-nieren andercr Thiere ninil. " (cxkxvu. 1337, p. 3] 4.) 
• cxxui. tr. iii. ' r / 
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tunics: and, as no part of the Iwt&l abdominal appendage is cast off, 
nor the chord divided, there is no cicatrix — no umbilicus. The 
arterial vessels of the yolk are derive<l, not i'lmu llic mesenteric veiu 
as in osseous fishes, but from rumilicutious of a branch of the mc- 
flenteric artery, and the blood ib xeturncd to the mesenteric rein. The 
Httnterian preparations of the embryo Carekariaa (No. lOSi), 
Scyllium (No. 8250), Spinax (No.8265> and (No. 3261), 

demonstrate another fcetal peculiarity which later reaeardiea * have 
shown to be probably common to aU Flagiostomee» vis. the external 
fringe of filaments developed from the branchial snrfkces (h) : a tuft 
extends oat of each aperture^ and even from the spiraenla (a) in the 
genera, with those accessory openings. Each fihyoient contains a 
siiigle capillary loopf: they disappear early, being removed by 
absorption. The last remnants may be seen in the foetal Saw-fish 
(/Vtfl», No. 3263), which is eight inches in length, including the 
saw, and has the duct of the external vitellicle attached. In the 
oviparous Sharks, the branchial filaments re-act on the streams of 
water admitted into the egg by the apertures {Jig. 81. c). In the 
ovo-viviparons Sharks the size and position of the cloaca! apertures 
of the uteri would seem adapted to allow free ingress of sen-wnter (No. 
325.'^ ; so that, wliilst the vitellicle administers to the nutriment of 
the cmhryo, the external branchise may perform the respiratory func- 
tion. In the s^peeics of Shark, the smooth Einissole, in which Prof. 
Muller has sliuwn that vascular cotyledons are developed from the 
vitelline (omphalo-mesenteric) capillarici^, which are firmly connected 
to the uterine cotyledons, the vitellicle, like a true placenta, may per- 
form both the nutrient and respiratory functions : the external branchiae 
disappear some lime before the eicdusion of the Embryo and the 
absorption of the yolk. In the LepSdonrm amuetem | thice small ex- 
ternal brandtial filaments project from the single opercniar aperture 
on each side^ and are long retained, if thej be not permanent in that 
remarkable oscnUmt form between the osseous and cartilaginous fishes. 

Some of the plagiostomoos fishes are. oviparous, but not as in the 
miyori^ of osseous fishra ; a remarkable transposition in the periods 
of the processes of fecundation and exduaion marks the distinction. 
In the oviparous osseous fishes the ova are first exdnded, then im- 
pregnated: in the oviparou!^ Plagiostomes impregnation is internal, 
and precedes ovipositi<Mk The eggs are much fewer in number, but 
their impregnation is more certain than in the scattered indiscriminate 
act of spawning of the common fishes, where the countless numbers 
of the ova seem to compensate for tlie chances that may intervene to 

* Hudolpbi, Lxxv. Itathk^, cix. ; Leuckart, cxxui. ; J. Davj, lxxxi. 

f A. ThomiMUMi, CMS. 

f Jardinc^ cuxr, j uid Peten, cxzxvl 
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prevent the eontaet of the milt. The ovarian, or abdominal aperture 
of the oviduct i« free and diitinet from the tmry Itself in the Fla^ 
giostomes, the Lepidoeiren, the Stargeons, and Polyptemt. If a 
little powdered oharooel be sprinkled on the ovarian orifices and 
ligamenta exposed by opening the abdomen in a fireah eanght female 
Dog-fieh, the partidea will be seen to move towards and enter 
the common ovidocal aperture^ indicative of a dUated epitheliam 
in the serous membrane^ which may aid in the transport of the 
ova to that aperture. 

There is reason to suppose that impregnation of the Qggs of both 
Sharks and Rays takes place in the ovarium or the contiguous part of 
the oviduct ; for they become enveloped in the dense albuminous 
secretion of the nidamental glands after having passed that part, which 
covering would prevent the subsequent influoice of the spermatozoa. 
The form of the egg, when thus invested, is remarkable, and very dif- 
ferent in different genera of Plagiostonies. In tho Skate the ovum is 
an oblong, four-sided, flattened case, with the angles produced 
forwards and backwards, like those of a butclier s tray (prep. 323o). 
The embryo skate is packed in the cavity with its broad pectorals 
bent upon its back, and its tail coiled round the body: tlie vitollicle 
is ap]>en(k'(l by a short and contracted neck. In the spotted Dog- 
fish {Sc)/lliumy No 3249) the ova are also quadrihiteral, but longer, 
and the angles are extended into long filamentary tendrils, which 
attach themselves to floating aea*weed, and llius keep the ovum near 
the surface, where the influence of solar heat and light is greatest 

(Jiff, 81). The eggs of the CcUorhyneJkut them- 
selves resemble some broad-leafed fucu% and 
thus* probabl J, deceive the flsh that might other- 
wise devour them : thej are in the form of a long 
depressed ellipse^ with a broad plicated and 
fiinged margin (No^8285, a and b). The laige 
Shark's ovum (prep. 8245), resembles that of the 
ScjflUum, with the addition of a series of trans, 
verse parallel ridges crossing the anterior and 
posterior surfaces* An elongated pyriform shell 
of a plagiostomous ovum, transmitted to me firom 
Australia, as that of the Cestracion, is charac- 
nefounh nat.»i«p. teriscd by a broad ridge or plate, which is wound 
edge-wise around the ovum in five spiral circumvolntion?. The sub- 
stance of all these egg-coverings is a light, but firm, albuminous horn- 
like tissue, of a more or less di'C{) brown colour: the oritices (_//>/. 
81. t) admit the sca-water to the pendant respiratory filaments of 
the inclosed onibrvo (a). The yolk-bag is shown at b. 

The csseutial dillcrcuce between the oviparous and ovo-viviparous 
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Asheo is the trauspoaition of the periods of extrication and exclusion : 
in the Ovipara the generative product or ovum quits ibe parent 
before the embryo extricates itself from the egg : in the Ovo-Tivipara 
the embryo 'escapes from the egg before it quits the parent: the 
yoong Blennies tarry three months in utwh from September to 
January, after extrication from the chorion. The great difference 
between viviparous fishes and mammals ia, that the former rupture 
the chorion long before they are bom, even in the Sharlts where 
there is a kind of pseudo*plaoentaI attachment : in the festal mammal 
birth and exclusion are commonly coincident. 

Growth, — There are few fields of Natural History that have been 
less cultivated, or would better reward the scientific labourer, than 
that extensive and varied one relating to the generation of fi.shes. 

The mercantile value of the Sahnon, and the necessity for basing 
laws that are to operate in its preservation, upon a knowledge 
of its natural history, have led to some very iutoresting observ- 
ations ; tiie following are the chief results of those recorded by 
Mr. John Shaw in the Transactions of the Royal Society of l^in- 
burgh, for 1840. 

The embryo fish, developed from the ova spawned on the 10th 
January, were conspicuous by the two dark eye-specks and the 
vascular vitelline sac, and presented some appearance ot amtnation 
in the ovum, on February 2()thj that ia, forty-eight days after beiug 
depoaited ; and on 8th April, or ninety days after impregnation of 
the ova, the young were excluded. The head is large in proportion 
to the body, which measures ftbs of an inch in length ; the vitellide 
is fths of an inch in length, and resembles a light red currant; 
the tail is margined like that of the tadpole, with a eondnuous fin 
running from the dorsal above to the anal beneath* The vitelline 
sao and its contents were absorbed by the dOth May, or in about 
fifty days, until which time the young fish did not leave the gravel. 
This quiescent state in their place of concealment, from the period 
of exclusion to the absorption of the yolk, seems to be common 
to osseous fishes ; but the time varies in different fishes, it is much 
shorter in the Tench, for example^ than in the Salmon. When the 
young of this fish emerge, the terminal fringc>like fin b^ns to 
divide itself into the dorsal, adipo^, caudal and anal fins ; and the 
transverse bars on the side of the body make their appearance. At 
this period, the young Salmon measures an inch in length, and is 
very active, and continues in the shallows of its native stream till 
the following sj»ring, when it liua attained the length of from tTiree 
to iour inches, and is called the " May-parr they now descend into 
deeper parts of the river, and aic believed by Mr. Shaw to ruuiain 
there over the second winter. In April, the caudal, pectoral, and 
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dorsal fins iissumc a dusky margin ; the lateral bars begin to bu con- 
cealed by a silverj pigmeut ; and the migratory dress, characteristic 
of the Sftlmoii fry, or ' smolt,* is assumed. The fiah now begin to 
congregate in shotb and to migrate seaward. 

Ineubatum. — Eckstroem first published aclear aficoiint» in 1831*, af 
the einguUur marsupial eeonomj of the Pipe-fishea. In the Syngna^ 
thus aeut the aexea come together in the month of April, and the ova 
pass from the female and are transferred into the snbcaudal poneh of 
the male, being fecondated in iranMUu, and the yalFes of the pouch 
immediately close over them. In the month of July the yoong are 
hatched and quit the pouch, but they follow their father, and return 
for shelter into their nursery when danger threatens. 

Aristotle signalises the Phycis^ since recognised as a Mediterra- 
nean species of Gohim, as the only sca^fish that makes a nest and 
deposits its spawn therein. Olivi confirmed the statement, and de- 
scribes the nest as being composed of sea-weeds (algi and zostera), 
adding that the nialo fl«*}) fjunrds the female during the act of 0¥i- 
position and the young fry daring their development, f 

Dr. Hancock luis observed similar habits in certain fresh-water 
sihiroid fishes of Demerara called * Hassars,' which belong to tliO 
genus Cdllichthtfs : the Round-headed Hussar loj nis its nest of grass, 
the Flat-headed llassar of leaves. " They an; monogamous ; both 
mule and female rLiiuun by the side of the nest till the spawn 
is hatched, with as much solicitude as a hen guards her eggs, and 
they courageously attack any assailant Hence the negroes tst* 
qucntly take tliem by putting their hands into the water dose to the 
nest; on agitating which, the male Hauar springes furiouslj at 
them, and is thus captured." Through the kind interest of the 
Earl of EnniskiUen, a trustee of the Hunterian Museum, a specimen 
of the nest with the spawn and parent fish, has been transmitted 
to the College and is now placed in the Huntetian series of 
Nidamental structures (No. 8787. b. | 

* See also xxxix. iL p. 3S7. f xxnu t. xii. p. 6. 

f This ipcwncn was «shibtted at the Lecture. 
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